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SUMMARY

A non-linear mathematical model of the UH-60A BLACK HAWK helicopter has
been developed under Contract NAS2-I0626. This mathematical model, which

is based on the Sikorsky General Helicopter (Gen Hel) Flight Dynamics
Simulation, provides the Army with an engineering simulation for Performance

and Handling Qualities evaluations. Initially it will be applied in an
analysis mode with eventual application to real time pilot-in-the-loop
simulation. "

:This mathematical model is a total systems definition of the BLACK HAWK

helicopter represented at a uniform level of sophistication considered

necessary for Handling Qualities evaluations. The model is a total force,

large angle representation in six rigid body degrees of freedom. Rotor
blade flapping, lagging and hub rotational degrees of freedom are also
represented. In addition to the basic helicopter modules, supportive

modules have been defined for the landing interface, power unit, ground

effects and gust penetration. Information defining the cockpit environment
relevant to pilot-in-the-loop simulation is presented. This same model was

activated on Sikorsky's DEC PDP KLIO computer to generate check cases for

use during the validation of the simulation at NASA.

Volume I of this report defines the mathematical model using a modular
format. The documentation of each module is self-contained and includes

a description, mathematical definition and input for the BLACK HAWK.

Volume II provides background and descriptive information supportive to
an understanding of the mathematical model.

1.1
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2.0 INTRODUCTION

This report is Volume I of two volumes, which document the
mathematical model of the UH-60A BLACK HAWK helicopter. This

work was funded under Contract NAS2-I0626 by the U.S. Army
Research and Technology Laboratories (AVRADCOM) Ames Research
Center.

The objective of this contract was to provide the Army and
NASA with a well documented, operational and verified engineering
simulation of the BLACK HAWK helicopter. This work, undertaken

by Sikorsky, provides the Army with a flying qualities analysis
methodology for the BLACK HAWK helicopter which could eventually
be extended to a real time pilot-in-loop simulation. The
mathematical model provided under this contract is a fetal

system, free flight representation based on the Sikorsky
General Helicopter (Gen Hel) Flight Dynamics simulation. It
is defined at a uniform level of sophistication currently
considered appropriate for handling qualities evaluations.
This model is also considered to give representative performance
trends, but should not be used to define critical performance
characteristics. The modular format presented facilitates the
introduction of additional or more sophisticated modules.

Volume I of this report documents the basic BLACK HAWK mathematical
model, and in addition, defines supportive routines developed
by Sikorsky under this contract. These routines include a

landing interface, power unit, ground effects and rotor gust
penetration models. Presented in this volume is an Overview

of the Simulation Model, Section 3, followed by a Description
of the BLACK HAWK helicopter in Section 4. Section 5 contains
the documentation of the Simulation modules. Each of the

module definitions is segregated with its own Table of Contents.
Section 6 contains information defining the BLACK HAWK cockpit

relevant to pi_ot-in-the-loop simulation. "A single copy
Appendix to Volume I, containing extensive program verification

data generated from a similar model on the Sikorsky Simulation
Facility, provides NASA and Sikorsky with the necessary information
for validating the BLACK HAWK helicopter simulation on the
Ames Simulation facility.

Volume II of this report documents,the derivation of the
equations, the assumptions inherent in the model and provides
supportive discussion to aid in the understanding of the
mathematical model.

_A .=9 qtV
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3.0 OVERVIEW OF THE SIMULATION MODEL

The mathematical model of BLACK HAWK provided under this

contract is based on the Sikorsky General Helicopter (Gen Hel)
Flight Dynamics Simulation. This model is a generalized,
modularized analytical representation of a total helicopter
system. It normally operates in the time domain and allows

the simulation of any steady or maneuvering flight condition
which can be experienced by a pilot.

The overall structure of the model is presented on figures 3.1
and 3.2 in functional and block diagram format respectively.
The solution in terms of aircraft motion is obtained iteratively
by summing the component forces and moments acting at the
aircraft's center of gravity and subsequently obtaining the
body axes accelerations. Resulting velocities and displacements
then condition the environment for the components on the next
pass through the program. The datum axes system used are a
set of right coordinate body axes with the origin at the
fuselage center of gravity. The X axis points towards the
nose of the aircraft and is para3lel to the center line of the
aircraft. All calculations are related to this axis system.
The final aircraft motion is transferred into earth axes for

simulator, VFR display and instrumentation drives. The mathematical
module defining the equation, of motion are presented in
Section 5.10.

The basic model is a total force, non-linear, large angle
representation in six rigid body degrees of freedom. In
addition, rotor rigid blade flappi!ng, lagging and hub rotational
degrees of freedom are represented. The latter degree of
freedom is coupled to the engine and fuel control. Motion in

the lag degree of freedom is resisted by a non-linear lag
damper model.

The total rotor forces and moments are developed from a combination
of the aerodynamic, mas; and inertia loads acting on each

simulated blade. The rotor aerodynamics are developed using a
blade element approach. The angle of attack and dynamic
pressure on individual blade segments are determined from the
three orthogonal velocity components. These arise as a result
of airframe motion, rotor speed, blade motion and downwash
resulting from the generation of thrust. In the latter case,
which represents the air mass degree of freedom, a uniform

downwash is derived from momentum considerations, passed
through a first order lag, and then distributed first harmonically
as a function of rotor wake skew angle and the aerodynamic hub
moment. Finally, blade geometric pitch is summed with the
inflow angle of attack to obtain the total angle of attack at

the blade segment. The full angle of attack range for blade
aerodynamics is represented as a function of Mach number.

3.1
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Blade inertia, mass and weight effects _re fully accounted for
and their resulting loads, dependent on blade and aircraft

motion, are.added to the aerodynamic loads for each blade.

This summation gives the shear loads on the blade root hinge
pins. Total rotor forces are obtained by summing all the
blade hinge pin shears with regard to azimuth. Rotor moments
result from the offset of the hinge shears from the center of
the shaft. Blade flapping and lagging motion is determined
from aerodynamic and inertia moments about the hinge pins.

During one pass through the program all segments and all
simulated blades are computed. If because of execution time
considerations the simulated number of blades are not made

equal to the actual number, then they are redistributed in

azimuth accordingly. The mathematical module defining the
rotor is presented in Section 5.1.

The fuselage is defined by six component aerodynamic character-
istics which are loaded from wind tunnel data which have been

extend analytically to large angles. The angle of attack at
the fuselage is developed from the free stream plus interference
effects from the rotor. These interference effects are based

on rotor loading and rotor wake skew angle. Local velocity
effects are not accounted for. The mathematical module defining
the fuselage is presented in Section 5.2.

The aerodynamics of the empennage are treated separately from
the forward airframe. This separate formulation allows good
definition of non-linear tail characteristics that would

otherwise be lost in the simplifications of multivariate total

aircraft maps. With this approach, changes to the empennage
can be made without reloading basic airframe maps. The angles
of attack at the empennage are developed from the free stream
velocity, plus rotor wash and airframe wash. •Dynamic pressure

effects from the airframe are accounted for by factoring the
free stream velocity component. By necessity the wash and

dynamic pressure effects are averaged over the stabilizing
surfaces. The tail rotor is represented by the linearised
closed form Bailey theory solution. Terms in tip speed ratio
greater than _ squared have been eliminated. The airflow
encounted by the tail rotor is developed in the same manner as

the empennage. An empirical blockage factor, due to the
proximity of the vertical tail, is applied to tlmethrust

output. The mathematical modules defining the Empennage and
tail rotor are presented in Sections 5.3 and 5.4 respectively.

L
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The flight control system for BLACK HAWK presented in this
model covers the primary mechanical flight control sytem and
the Automatic Flight Control System (AFCS). The latter incorporates

the Stability Augmentation System (SAS), the Pitch Bias Actuator
(PBA), the Flight Path Stabilization (FPS) and the Stabilator

mechanization. These automatic control functions collectively
enhapce the stability and control characteristics of the BLACK

HAWK. The analytical d_finition of the control system given
in Section 5.5 incorporates the Sensors, shaping networks,

logic switching, authority limits and actuators. Some of
these components have wide band-widths which are beyond the

frequencies normally associated with piloted simulation. They
tfave been included for completeness and accuracy in analytical

evaluations. The model provided represents the control system
in a complete manner except for the FPS. In this case only
the attitude hold and turn features have been defined.

The engine/fuel control model provided with this simualtion is

a linearized representation with coefficients which vary as
Function of engine operating condition. The model adequately

provides for closing the rotor shaft speed loop throughout the
normal operating envelope of the helicopter. However, maneuvers

which result in significant rotor speed excursions may result
in discrepancies in the simulation. This engine module should
not be used for engine performance evaluation. The modular

Formulation does however, facilitates the introduction of a

sophisticated model if necessary at a later time. The interface
of the engine with the rotor module, shown on Figure 3.3, is

via the rotor clutch. This is programmed to disengage the
rotor shaft from the engine if rotor required torque drops

below zero. Under these circumstances, the engine speed
feedback to the fuel control will cause the engine to seek an
operating condition dictated by the control. The clutch will

reengage when the rotor speed drops below power turbine speed.
The engine fuel control equations are presented in Section
5.6.

The landing interface module, Section 5.7, allows for ground

contact. It is a generalized representation consisting of a
landing gear force reaction model complete with all necessary
space/body geometry calculations to track a free helicopter

during a landing onto level ground. The landing gear is
represented by separate non-linear tire and strut dynamic

characteristics. Tire in-ground-plane loads are developed as
a non-linear function of the tire deflection and normal load.

These forces are adjusted depending on the friction criteria
which determines tire skid properties at the ground plane.

The strut is simulated by, an isentropic air spring and velocity
squared damper in parallel. The output loads from the three

landing gears are finally transferred to the center of gravity
where they are summed with other external forces and moments.

3.3
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Section 5.8 defines a simplifiea ground effects model. During
the development of this module it was evident that anything
more than a simple model based empirically on distance above

the ground plane, was beyond the scope'of this contract. The
model provided, adjusts the downwash at the rotor (and therefore
rotor loads) as a function of height above the ground plane
and forward speed (in terms of rotor wake skew angle)."

The gust penetration routine documented in Section 5.9 provides
for a gust front passing across the rotor disc from any direction.
Behind the front, gust velocities are varied with distance
from the front. The variation can be prescribed by a choice
of several discrete velocity profiles or a continuous turbulence
form due to Dryden. Each rotor blade element and the aerodynamic
centers of fuselage and tail components may be subjected to
horizontal and vertical gust velocities whose magnitude is a
Function of the geometric distance from the traversing gust
front. Thus penetration or velocity distributional effects
are almost fully accounted for in the rotor simulation and are
adequately dealt with in the fuselage/tail model.
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4.0 Description of the BLACK HAWK Helicopter

The UH-60A _LACK HAWK, shown in the figures 4.1 and 4.2, is a
utility transport helicopter developed by Sikorsky for the Army

under the UTTAS program. This medium-sized helicopter is designed

to carry eleven combat-equipped troops and a crew of three. The
Basic Structural Design Gross Weight is 16,825 Ibs. with a maximum

Alternate Gross Weight of 20,250 pounds. Missions include: Troop
Assault, Aeromedical Evacuatiop, Aerial Recovery and Extended Range
Missions. The BLACK HAWK has a maximum level flight speed in excess

of 150 knots and a diving speed in excess of 170 knots.

The BLACK HAWK has a single main rotor and a canted tail rotor as

shown on the general arrangement drawing, figure 4.3. A list of
physical characteristics is given on Table 4.1. The main rotor
consists of four fully articulated titanium/fiberglass blades which

are retained by a flexible elastomeric bearing in a forged
titanium single piece hub and restrained in plane by a conventional

hydraulic lag damper. The ll.O feet diameter four bladed tail rotor
is a bearing-less cross-beam arrangement with the shaft tilted 20

degrees upwards. Both rotors have an SC I095 aerofoil section. The
aircraft is powered by two General Electric Company, T 700-GE-700

engines mounted on top of the cabin which together provide approximately
2,800 h.p. at normal continuous rating. These engines have Hamilton

Standard hydraulic, and General Electric Company electronic fuel
control components. The drive system consists of main, intermediate,

and tail gear boxes with interconnecting shafts.

The flight control system on the BLACK HAWK is a redundant hydro-

electrical-mechanical system. It includes three two stage main
rotor servos, a Stability Augmentation System (SAS), a .Flight Path

Stability System (FPS), and a triple redundant hydraulic supply. The
horizontal tail rotates from a positive angle of about 40° in hover

up to zero with increasing forward speed.

A summary of the mass properties characteristics is given on Table

4.2. Recommended overall longitudinal center of gravity limits are

given on figure 4.4.

A more comprehensive description of the BLACK HAWK helicopter is

given in References 4.1.1, 4.1.2, and 4oi.3.

4.1
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4.1.2

4.1 ..3

References

Flight International, Week Ending 25 February 1978, Article by
Mark Lambert.

U.S. Army UH-60A Helicopter Development Production Program. Prime
Item Development Specification (PIDS) DARCOM-CP-2222-SIOOOD Part I
October 15, 1979.

UH-60A Familiarization Training Course Manual - Sikorsky Training
Document.
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MAIN ROTOR

BLACK HAWK

TABLE 4.1. LIST OF PHYSICAL CHARACTERISTICS

VERTICAL STABILIZER

Diameter 53.67 Span
Blades 4 Area
Chord 1.75 ft. Root Chord

Airfoil SC I095_ Tip Chord
BladeArea 186.8 ftz Sweep (ZC)

Solidity .0826 4

Tip Sweep 20 Deg. Aspect Ratio
Twist -18 Deg. Airfoil

Shaft Angle 3 Deg.

8.167 ft.
32.3 ft2

6 ft.

2.83 ft.

41 Deg.

I.92

NACA 0021 (Mod)

TAIL ROTOR

Diameter

Blades
Chord

Airfoil

Blade Area

Solidity
Twist

Cant Angle

II ft.
4

.81 ft.

SC I095
17.82 ft2

.1875

-18 Deg.

20 Deg.

GENERAL

Overall Length

Fuselage Length
Wheel Tread

Whe_l Base

64.83 ft.

50.06 ft.

8.88 ft.
28.93 ft.

HORIZONTAL STABILATOR

Span
Area

Root Chord

Tip Chord

Sweep (_C)
4

Aspect Ratio
Airfoil

Incidence/Dihedral

14.38 ft.
45 ft2

3.67 ft.

2_54 ft.

0 Deg.

4.6
NACA 0014

0 Deg.

_nm.s

,,mmmmm
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BLACK HAWK

TABLE 4.2. SUMMARY OF MASS PROPERTIES CHARACTERISTICS

SER 70452

CONDITION

Design Mission - Troops

Aeromedical Mission

Aerial Recovery Mission

Extended Range Mission

Basic Structural Design-Fwd.

Basic Structural Design-Aft

Maximum Alternate GW-Fwd

Maximum Alternate GW-Aft

CENTER OF
GRAVITY "
POSITION

I
WEIGHT STA WL xx

16000.9 358.0 251.0 65550

15479.3 359.0 251.I 64058

MOMENT OF INERTIA

Lb-ln-Sec 2

IX Izz Ixz'

473626 442646 18886

475389 441954 19510

20250.0

19193.7

16330.9

16330.9

20250.0

20250.0

359.6 234.7 100200 502116 430804 22130

352.5 2_5.1 74633 502044 461813 28076

345.7 248.3 71141 500923 465328 34144

360.2 249.5 68263 465774 432719 18268

347.1 244.4 79532

360.2 245.1 77898

514803 479012 33850

482141 447627 18408

(Data from SER-70288 Prepared Under Contract DAAJOl-77-C-OOOl(P6A)
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Main Rotor Module

Module Description

The main rotor model is based on a blade element analysis in
which total rotor forces and moments are developed from a

combination of aerodynamic, mass and inertia loads acting on
each simulated blade. The blade segment set up option defined
for this Black Hawk model is that of equal annuli area swept
by the segment. This technique allows the number of segments
to be minimized and distributes the segments towards the
higher dynamic pressure areas.

The total forces acting on the blade are derived from the

total acceleration and velocity components at the blade together
with control inputs. Accelerations develop from body motion
and blade motion. Velocity components are made up of body
velocities, gust velocities, the rotor's own downwash and
blade motion.

Before calculations at the blade segment can be executed

several axes transformations must be implemented. Initially
body axes angular and translational accelerations and velocities

are transferred to the rotor hub and rotated through the shaft
inclination angles i and i. into rotor shaft axes. These

angles with positive°rotatiBn of i, about the Y_ axis followed

by i_ about the resulting Xs axis _re shown in Figure l.l.l.
The _ody velocities are non-dimensionalized by rotor tip speed
(_r) to conform with usual helicopter analysis practice.
Motion accruing f_om the rotor shaft degree of freedom is
derived from the engine module.

The rotor airmass degree of freedom is primarily based on a
uniform downwash distribution developed from rotor thrust by
application of momentum theory. This uniform downwash, which
is passed through a first order lag, is modified to account
for the changing distribution with forward speed and aerodynamic
pitching and ro_ling moment loading on the rotor. In the
first case the resulting uniform downwash is distributed 1st

harmonically around the azimuth as a cosine function depending
on the inclination of the rotor wake. The desirability of
including this first harmonic distribution, which results in
a uniform downwash at hover and a weighted distribution

towards the aft of the rotor disc at high speed, is discussed
in Reference 1.6.1. Since this effect is really dependent on
the resultant velocity vector a lateral velocity term is also
added. The desirability of adding a harmonic distribution of
downwash depending on aerodynamic rotor moments has not been
established for Black Hawk but the necessary equations are
incorporated for completeness.

5.1-2
PAGE
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The remaining contribution to the velocities at the b_ade
segment is that due to blade motion. Blade flapping and

lagging velocities and angles are obtained by application of a
Fourier prediction technique, rather than direct integration
of acceleration. This approach is derived in Reference 1.6.2.

This method although simple has been shown to be stable and
accurate for the frequencies of concern in helicopter stability
and control evaluations.

The blade segment total velocity components are developed in
three parts. Those independent of segment position, those

dependent on segment position and interference effects made up
of downwash and gust effects. The velocities at t_e blade

segments are obtained by transforming the fixed shaft vectors
into the rotating hub axes system, then transferring to the

blade hinge position, transforming into _lade span axes through
the Euler angles_ (flapping) and _ (lagging) and finally

transferring to the segment position on the blade. These
transformations are illustrated on figure l.l.2. These total
velocity components are subsequently used to calculate the

resultant velncity, local Mach number, yawed angle of attack
and flow yaw angle. It should be noted that the radial component

of velocity is ommitted in calculating the Mach Number which
is used in the aerodynamic map look-up. Reference 1.6.3,

which describes the use of simple sweep theory, indicates that

Mach Number should be based on the unyawed component of flow.

The total local segment angle of attack on the blade is made
up of the blade local pitch angle and the yawed angle of

attack at the segment. The former is made up of the control
impressed pitch (collective erH_, cyclic Ale, B_¢), pitch/flap

coupling (_q), pitch/lag cou_Tghg (_l), p_for_d blade
twist and a dynamic component of blade twist due to torsional
elastic deformation. This emperical dynamic component is

prescribed harmonically based on blade loading. The yawed
angle of attack is complicated by the requirement to resolve

blade pitch into the local stream direction as shown in Figure
l.l.3. The resulting equation assumes the series approximation

for the tangent of blade pitch.

5.1-3
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The treatment of the blade segment aerodynamic force calculation
is completely non-linear. Lift and drag characteristics are

provided for the range -180_, _ 180. Bivariate maps as a
function of angle of attack and Mach Number are used in the

range -30_=,<. _ +30 allowing good definition of blade stall.
The complete coverage of angle of attack allows good definition

of aerodynamic characteristics on the retreating blade side of
the disc. This is important at high advance ratios. The

blade segment lift coefficient is determined by applying
simple sweep theory to the unyawed blade aerodynamic data.
This is rigorously applied in'the linear lift range where the

entry to the unyawed lift coefficient is transformed by the

cosine of the yaw angle (i.e. O<'TQAN_ = a{vCOS_) and the
entry Mach Number is a function Of _Me unyawed component of
flow. At higher angles of attack some liberties are taken

where sweep theory is not valid. These steps are taken to
aviod discontinuities in blade lift data as the blade proceeds
around the azimuth. Discontinuities can result in an unstable

flapping and lagging solution. The application of sweep
theory to the determination of drag is not well established.

For this model, drag is determined by entering the drag map

data with the actual yawed angle of attack. ((>_'T_A_ =C_/y).
A development of sweep theory can be found in Ref_e 1.6.3.
Sikorsky evaluations of this theory, as applied to rotors, are

documented in Reference 1.6.4. _i,e map entry logic is developed
in the equations. It should be noted that a tip loss factor

is applied to the tip segment. Univariate and bivariate maps

of blade lift and drag coefficients as a function of o_/ TpAM S
and Mach Number are given in Section 5.1.5. The aerodyn_T_
segmental loads are resolved from local wind axes into blade
span axes and summed along each blade to obtain root shears at

the hinge. These forces are subsequently transformed _nto
rotating shaft axes. It should be noted that_ and _ are
Euler angles and order of treatment must be observed. The

aerodynamic moments used in the flapping and lagging motion
equations are calculated at this point in the flow. Also, it
is convenient to develop the aerodynamic feedbacks for the
rotor downwash calculation at this time.

_V. ,

5.I-4
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The blade inplane or laggin_ motion is restrained by a damper
system. In the case of Black Hawk the damper is non-linear

and the kinematics of this system are complicated bv geometry.
A generalized representation is utilized as presented on

Figure l.l.4. Essentially tilerelative positions of the pick-
ups of the damper on the hub and blade are tracked. From

these values an axial velocity is determined. This velocity
is used to enter the map data presented in Section 5.1.5. The

output of this map, which is an axial force, is multiplied by
the instantaneous moment arm to obtain the damper moment about

the hinge. Although flapping restraint equations are included
they will not be activated for Black Hawk.

The contributions to the lagging and flapping motion about the

hinge are the aerodynamic moments, the hinge restraint moments
and the inertia moments. The aerodynamic and hinge restraint
components have been previously discussed. The inertia components

have been explicitly introduced into the flapping and lagging
equations of motion. It should be noted tha_ lagging motion

takes place in an intermediate set of blade span axes because
of the definition of the Euler angles. Also small terms have
been eliminated from these equations. A software provision to

inhibit the lagging degree of freedom has been incorporated.

Before the final shear forces and hub moments can be developed

it is necessary to calculate the inertia shear loading on the
hinge pins. Again small terms have been eliminated. Subsequent
to these calculations the three component total shears at the

hinge are determined and the total rotor forces in fixed shaft

axes at the hub center developed. The rotor hub moments
result from a combination of the shear forces at the hinge
pins and moments from the blade hinge restraint. An arithmetic

manipulation of the equations is introduced on these final
equations which allow the simulated blades to be different
from the actual number. This artifice is intended for use in

piloted simulation where computer execution time is critical.

With the lagging degree of freedom operating, the major portion

of rotor torque is developed through the lag damper. Therefore,
if lagging degree of freedom is selected out, an alternative

equation containing the aerodynamic moment must be introduced
as specified.

5.1-5
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The oscillating nature of the rotor forces and moments make it
expedient to filter the outputs under some circumstances. A
simple first order filter is used. The final rotor forces and
moments are obtained by transforming the filtered shaft axes
forces and moments into bodyaxes with the origin at the
center of gravity. These are eventually summed with other
component outputs to g_ve the total external forces and moments
_t the center of gravity.

It i necessary to ma_e provisiQn in these final rotor outputs
for the option of selecting to run with the engine module in
or out. If the engine is selected out, perfect rotor speed
governing is assummed and the shaft torque reaction on the
airframe is assummed equal to rotor require_ torque. If the
engine module is activated then its output torque is introduced
into the airframe.

Finally, the rotor wake skew angle is determined. This is the
angle that the center line of the rotor wake makes with the
rotor shaft. It is the dependent parameter used to establish

the variation of rotor wash on the fuselage, wing and tail.

The sequencing of the program flow in the main rotor is critical
and should follow the equation Flow in Section 5.1.2.

A block diagram of the Main Rotor Module is given on figure
I,I,5, All input data for the Black Hawk Main Rotor is specified
in Section 5.1.5.

5.1-6
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Zs

XB' YB' ZB Body Axes System

XH, YH, ZH Hub Axes System

XS, YS, ZS Shaft Axes System
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Xs, Ys, Zs Shaft Axes System

X_, Y_ , Z_ Rotating Shaft Axes System

XBS, YBS, ZBS Blade Span Axes System

UT, UR, Up Blade Element Velocities Along

XBS, YBS, ZBS Respectively

al}d_are ^ Euler Angles with _ Rotation about

Z_ then_ Rotation About XBS.

FIGURE I,I.2
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LAG DAMPER KINEMATIC GEOMETRY

(XYZ)LDM R Lag Damper Axes

XLDMR Aligned with _he blade span

and (Y,Z)LDMR rotated through _LDMR

FIGURE I.1.4
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FIGURE 1.1.5
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5.1,4 NOTATION FOR THE MAIN ROTORMODULE

SYMBOL.
USED I_

EQUATIONS

(IB)

(Is)

(1)

e l

RT

.¢'

Y2(IS)

Cy

CT(IS)

CR

SY(Is)

WEIGHT

b

Wb

Wbd

FSCG

WLcG

FSCGB
WLCGB

PROGRAM
MNEMONIC UNITS DESCRIPTION

OFSTMR F'F

SPRLMR

RMR

OMGTMR

KSGMR

KMRBKI

m

CHDTMR

CHDRMR

WEIGHT

BMR

WTBDMR

WTBOD

FSCG

WLCG

FSCGB

WLCGB

INDEX

INDEX

INDEX

FT

FT

RADS/SEC

ND

ND

ND

FT

FT

FT

FT2

LB

LB

LB

INS

INS

INS

INS I

5.1-39
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Indicating I...NBS blades simulated

-Indicating I,..NSS segments/blade

simulated

Indicating I...(NBS-I)NSS blade

segments

Blade hinge offset from center

of rotation

Spar length exposed

Rotor radius

Rotor nominal input rotational

speed

Normalized offset

Normalized spar length.

Distance from hinge to segment

midpoint

Segment chord

Blade top chord

Blade root chord

Blade segment area

Total helicopter weight

Number of rotor blades

Weight of _ne blade

Weight of helicopter less blades

Total helicopter c.g. position

C.G. position less rotor blades

J
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.5.1.4 (Cont.d) NOTATION FOR THE P_IN ROTOR MODULE

SYMBOL
USED IN PROGRAM

EQUATIONS MNEMONIC

FSMR FSMR

WLMR WLMR

Yxb VXBDOT

Yyb VYBDOT

Yzb VZBDOT

p PDOT

q QDOT

r RDOT

Vxb VXB

Vyb VYB

Vzb VZB

P P

q Q

r R

XH

YH

ZH

gb THETAB

Ob PHIB

_b PSIB

gx

gy

gz

VXG VXG

VyG VyG

VZG VZG

UNITS DESCRIPTION

INS

INS

FT/SEC2

FT/SEC 2

FT/SEC2

Fuselage station for the main rotor

Waterline station for the main rotor

I Accel. along X-axis
Accel. along Y-axis

Accel along Z-axis

RADS/SEC2 I Angular accel about X-axis

RADS/SEC2 I Angular accel about Y-axis
RADS/SEC 2 Angular accel about Z-axis

FT/SEC

FT/SEC

FT/SEC

RADS/SEC

RADS/SEC

RADS/SEC

FT

FT

FT

DEG

DEG

DEG

_/SEC 2

FT/SEC2

FTISEC2

Vel. along X-axis

Vel. along Y-axis

Vel. along Z-axis

Angular rate about X-axis

Angular rate }bout Y-axis

Angular rate about Z-axis

Longitudinal rotor arm

Lateral rotor arm

Vertical rotor arm

Pitch attitude

Roll attitude

Heading

Gravity vectors

FT/SEC

FT/SEC

FT/SEC

Point gust velocities. For

use when oust penetration is

not required.

5.1-40
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5.1.4 (COnt'd)
di

NOTATION FOR THE MAIN ROTOR MODULE

SYMBOL

USED IN

EQUATIONS

/{/_XH

/X4-yH

/L4-ZH

PROGRAM

MNEMONIC UNITS DESCRIPTION

MUXHMR ND

MUYHMR ND

MUZHMR ND

Hub velocities - normalized

I

I

_ XS

/,'_ YS
/_ zs

PS

qs

RS

.Ps

q.s
rS

MUXSMR ND

MUYSMR ND

MUZSMR ND

PSMR RADS/SEC

QSMR RADS/SEC

RSMR RADS/SEC

PS.MR RADS/SEC 2

QS.MR RADS/SEC 2

RS.MR RADS/SEC 2

YXH VXH.MR FT/_EC2

YYH VYH.MR FT/SEC2

VZH VZH.MR FT/SEC2

YXS VXS.MR FT/SEC2

YYS VYS.MR FT/SEC2

VZS VZS.MR FT/SEC2

OM_ .m¢_ RADS/SEC2

OM_M_ RADS/SEC

_A4_r_ RADS/SEC

5.1-41
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Shaft velocities - normalized

Shaft angular rates

Shaft angular acceleration

o. •

Hub accelerations

Shaft accelerations

Rotor shaft acceleration

Rotor shaft speed

Rotor shaft datum speed

®
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5.1.4 (Cont'd) NOTATION FOR THE MAIN ROTOR MODULE

SYMBOL

USED IN PROGRAM

EQUATIONS MNEMONIC UNITS

- OMR.MR ND

- OMRMR ..... ND

R PSIMR DEG

X_. BRMR RADS

BR.MR RADS/SEC

BR..MR RADS/SEC2

LGMR RADS

LG.MR RADS/SEC• LG..MR RADS/SEC2

AAOF AOFMR DEG

AAIF AIFMR DEG

BBI F BIFMR DEG

AAOL AOLMR DEG

AAI L AILMR DEG

BBIL BILMR DEG

_TOT UTOTMR ND

KIX KIXMR ND

Kiy KIYMR ND

THA THAMR LB

MHA MHAMR FT LB

LHA LHAMR FT LB

2g RIV.

RHO

CTA CTHAMR

CMHA CMHAMR

CLHA CLHAMR

DESCRIPTI ON

SLUGS/FT3

5.1-42
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Rotor shaft acceleration ratio

Rotor shaft speed ratio

Rotor azimuth position

Flapping angle

Flapping rate

Flapping acceleration

Lagging angle

Lagging rate

Lagging acceleration

Steady flapping (coning)

Long. first harmonic flapping

Lateral first harmonic flapping

Steady lagging

Long. first harmonic lagging

Lateral first harmonic lagging

Total velocity component at

the rotor •

Longitudinal Glauert inflow factor

Lateral Glauert inflow factor

Aerodynamic component of thrust

Aerodynamic component of pitching

moment

Aerodynamic component of rolling

moment

Air density

Thrust coefficient

Pitching moment coefficient

Rolling moment coefficient
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5.1.4 (Cor,t'd) NOTATION FOR THE MAIN ROTOR MODULE

SYMBOL

USED IN PROGRAM

EQUATIONS MNEMONIC UNITS DESCRIPTION

KCT

KCM

KSM

TDWO

- TDWC

TDWS

DW0

KCTMR ND

KCMMR ND

K%LMR ND

TDWOMR

TDWCMR

TDWSMR

DWSHMR 1/RADS

DWC DWCMR 1/RADS

DWS DWSMR 1/RADS

UpDMRI UPDMR l/RADS

UTDMR I UTDMR l/RADS

URDMR1 URDMR 1/ RADS

LAMBMR 1/ RADS

/_gAVMR VGAVMR 1/ RADS

UpIMRI

UTIMRI

URIMRI

UpGMRI

UTGMRI

URGMRI

UPWMRi

UTWMRI

URNMRI

UPIMRI ]IRADS

UTIMRI 11RADS

URIMRI IIRADS

UPGMRI 11RADS

UTGMRI I/RADS

URGMRI l/RADS

UPWMRI

UTWMRI I/RADS

URWMRI

Gain factors on harmonic inflow

Time factors on harmonic inflow

Uniform component of downwash at

the rotor disk

Cosine component of downwasb

Sine component of downwash

Total components of downwash

in blade span axes

Total normal rotor inflow velocity

Average gust velocity-used with

gust penetration routine.

Total segment interference

velocities in blades span axes

Gust penetration components at the

blade segment in blade span axes.

Airframe upwash components
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SIKORSKY •AIRCRAFT ;F _',30R ¢"_'" "_'i-L .... _-_ OOCUMENT NO. SER 70452

5.1.4 (Cont'd) NOTATION FOR THE MAIN ROTOR MODULE

SYMBOL

USED IN PROGRAM

EQUATIONS MNEMONIC

UpAMR UPAMR

UpBMR UPBMR

Up UPMR

UTAMR UTAMR

UTBMR . UTBMR

UT UTMR

URAMR URAMR

URBMR URBMR

UR URMR

Uy UYAWMR

IiACHMR MACHMR
a VSOUND

COS _' CSGMMR

0 CUFF THETA#

A1S A1S

BIS BIS

ZI SP DELSMR

S 3 DEL3MR

K l KAFIMR

K 2 KAF2MR

THOAM R TH_AMR

FpDYMR FPDYMR

bs NBSMR

- NSSMR

Fpo FPOMR

Fpc FPCMR

F FPSMR
ps

UNITS DESCRIPTION

lIRADS

IIRADS

l/RADS

l/RADS

I/RADS

I/RADS

I/RADS

I/RADS

I/RADS

I/RADS

FT/SEC

DEG

DEG

DEG

DEG

DEG

DEG

LB

LB

LB

LB

5.1-44
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Blade segment total velocity

components in blade span

axes.

Total flow component at the

blade segment

Blade segment Mach Number.

Speed of sound

Cosine of segment flow skew angle

Collective blade pitch

Lateral cyclic blade pitch

Longitudinal cyclic blade pitch

Swashplate phase angle

Hinge angle-Pitch/Flap coupling

Hinge angle coefficients -

Pitch/Lag coupling

Geometric blade pitch angle

Resultant force at blade root

Number of blades simulated

Number of segments simulated

Harmonic components of the
blade resultant force



SIKORSKY oAIRCRAFT

(JRIGir,'AL ,_ _ •

OF POOR QUP_.LITy
DOCUMENT NO. SER 7045_2

5.1.4 (Cont'd)

SYMBOL
USED IN

EQUATIONS

MODESP

KFPO

KFPC

KFpS

THDYMR

NOTATION FOR THE MAIN ROTOR MODULE

PROGRAM

MNEMONIC UNITS DESCRIPTION

m

KFPOMR

KFPCMR

KFPSMR

THDYMR DEG

Equivalent blade first torsional mode

Harmonic weighting coefficients

for blade torsional wind-up.

Blade segment torsional aeflection

81

C_Cy

ACLIMR

ACL2MR

ACL3MR

ACL4MR

C>(TRANS

CLy

CGy

BTLMR

Z_CDN R

Fp

FT

FR

Fpb

FTb

FRb

FXA

FyA

FZA

AFYWMR

ACLIMR

ACL2MR

ACL3MR

ACL4MR

AFTFMR

CLMR

CDMR

BTLMR

DCDMR

FPMR

FTMR

FRMR

FPBMR

FTBMR

FRBMR

FXAMR

FYAMR

FZAMR

DEG

DEG

DEG

DEG

DEG

DEG

DEG

LB

LB

LB

LB

LB

LB

LB

LB

LB

Actual blade segment geometric pitch

Blade segment angle of attack

Angle of attack break points

for lift curve.

Transformed angle of attack for map ent_'y

Blade segment lift coefficient

Blade segment drag coefficient

Blade tip lift loss factor

Profile drag correction

Segment aero forces

Blade aero forces - blade span axis

Blade aero forces-shaft rotating axis

5.1-45
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SIKORSKYAIRCRAFT OF POOP, Q:.jr_Lirg
OOCUMENT riO.

SER 70452

5.1.4 (Cont'd) NOTATION FOR THE MAIN ROTOR MODULE

SYMBOL
USED IN

EQUATI ONS

PROGRAM
MNEMONIC UNITS DESCR'IPTI ON

FXI FXIMR

FyI FYIMR

FZI FZIMR

FXT FXTMR

FyT FYTMR

FZT ..... FZTMR

MFA B MFABMR

MLA B MLABMR

THA THAMR

MHA MHAMR

LHA LHAMR

ALDMR ALDMR

BLDMR BLDMR

CLDMR CLDMR

DLDMR DLDMR

RLDMR RLDMR

OGEOM R THLDMR

_o LAGOMR

XLDMR XLDMR

YLDMR YLDMR

ZLDMR ZLDMR

LDT LDMR

L_T LD.MR

F_ FLD,MR

MFF D MFFDMR

MFL D MFLDMR

MLL D MLLDMR

MLFD MLFDMR

LB

LB

LB

LB

LB

LB

FT LB

FT LB

LB

FT LB

FT LB

INS

INS

INS

INS

INS

DEG

DEG

INS

INS

INS

INS

INSISEC

LB

FT LB

FT LB

FT LB

FT LB

5.1-46

PAGI_"

Blade inertial forces-shaft rotating axi.s

Blade total forces-shaft rotating axis

Aero moments about hinge-blade span axis

Aerodynamic component of thrust force

Aerodynamic component of pitching moment

Aerodynamic componentof rolling moment

Input constants defining the

geometry of the lag damper

kinematics

Component displacemnet of lag damper

(relative pick up points)

Axial displacement of lag damper

Axial rate of lag damper

Axial force output from lag damper.

Flapping moment due to flap damper

Flapping moment due to lag damper

Lagging moment due to lag damper

Lagging moment due to flap damper



SIKORSKYAIRCRAFT

• f_' ' | .,tfJRIG,,.'ALPAG;_ .a

OF POOR QUALITY

OOCUMEffl ";_. SER 70452

5.1.4 (Cont'd) NOTATION FOR THE MAIN ROTOR MODULE

SYMBOL
USED IN
EQUATIONS

_LHB C

_MHBC

_NHB C

PROGRAM
MNEMONIC UNITS DESCRIPTION

DLHBMR PT LB

DMHBMR FT LB

DNHBMR FT LB

Delta moments at hub due :o

blade constraints.

Mb

KBETA FT LB/P,ADS

KBETA. FT LB/RAD/SEC

MBMR SLUGS F-F

Ib IBMR SLUGS FT2

Wb WTBDMR LB

HH HHMR LB

JH JHMR LB

TH THMR LB

LH LHMR FT LB

MH MHMR FT LB

QH QHMR FT LB

HHB HHBMR LB

JHB JHBMR LB

THB THBMR LB

LHB LHBMR FT LB

MHB MHBMR FT LB

QHB QHBM_ FT LB

TFILMR TFILMR SEC

QE QHEG _ IB

2.m_

Flapping spring stiffness

Flapp_ng damper rate

Ist mass moment of blade about

the hinge

Inertia of blade about the hinge

Weight of one blade

Total force component outputs from

the rotor in shaft axes at the hub

i Total moment component outputs
from the rotor in shaft axes at

the hub

Filtered rotor forces and

moments in shaft axes at the hub.

Rotor force and moment filter

time constant

Engine torque - supplied by engine

module if selected.

5.1-47
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O_ pOOR QU_,_' ;'

DOCUMENT NO. SER 70452

5.1.4 (Cont'd)

SYMBOL
USED IN

EQUATIONS

X
MR

YMR

ZMR

Lt.1R

: MMR

NMR

"_PMR
HPMR

CT/_--

CHIr-

Cj/_.

CMI_-

CL/_r"

CQ/_r-

NOTATION FOR THE MAIN ROTOR MODULE

PROGRAM
MNEMONIC UNITS DESCRIPTION

XMR

YMR

ZMR

LMR

MMR

NMR

CHIPMR

HPMR

CTSGMR

CHSGMR

CJSGMR

CMSGMR

CLSGMR

CQSGMR

LB

LB

LB

FT LB

FT LB

FT LB

DEG

HP

Rotor forces and moments

axes at the fuselage c.g.

in body

Rotor wake skew angle

Horsepower required by rotor.

Rotor shaft _xes force and moment

coefficients (output only).

• SA2$ REW. r,

5.1-48
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OOCU,E,T,0. SZR 704.52

(_.o,_Jf,,_,,¢7",__,

_,_,_ = '_ 7

_,._ = /2. _o

Z)/__d = /o. e/e=

7

/dF_ =
_ -1
NdS =

.

0

m

3. 1-49
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OF pOOR QUAtt!'_

OOCUM_NT,0. SER 70452

I

i

BLACK .HAWK BLADE TWIST INPUT

MAP NAME=
MAP TTPE:
INPUT VARIABLE(5}:
OUTPUT VARIABLE:

PRIMRRT MAP:

XSE:MR

TWMRMP
UVR

THSTMR

O. O0 ¢== u_n
1. O0 _.= u,z_
O. 05 =re.n,

SA_g REV. G

. I

]
!

I

i

FIGURE 1.5.1

5. i-50
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OF POOR QUALITY.

SIKORSKYAIRCRAFT

"PT'-"

OOCUMENT NO. SER 70452

BLACK HAWK MAIN ROTOR BLADE SECTION LIFT COEFFICIENT - AIRFOIL SC I095

BLRCKMRWK - NRSR STUDY 26-SEP-BO CLMRMP (I/2)

N

=J

MRP NRME= CLMRMP
MAP TYPE: BIVUVR
INPUT VRRIRBLE($): RFTFMR
OUIPUT VRRIRBLE= CLMR

PHIM_RT MRP:

SECONORR_ _RP:

MRCHMR

"32. O0 _.=_u,,, O.O0
32.00 _ u,,, 1.00
2.00 =_,= O.10

-IBO.O0 _ u.,,1
180.00 u,_ u,m
2.O0 =_n,

m

w

• O.lO

• O.M

• 0.1"

• O.W

• O,la

• 0.10

• 0.71)

• 0.18

• O.IO

I |.OD

r

" i ' _ i

?

i i , i

i

M [ ,

1

_F- ....._ i _ _; ....
q

i ' I-" '

L
I

J

i ]
' i

n

I
i

i

i - i

FIGURE l._.2(a)
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BI_CK HAWK FL_IN ROTOR BLADE SECTION LIFT COEFFICIENT - AIRFOIL SC I095 IC9nt'd)

BLACKHAWK- NASA STUOT 26-$EP-00 CLMFII'IP I2/2J

B

: r : T

'r" _; ,; -i[ I !
I

I

1 , I

, !

]" !
l :
i

!

, I I

! I r

i ¸ _ ;

, T "_

L

FIGURE 1.5.2(b)

_, 25 11_1¥. G
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ORIG:NAL FA_".....

OF POOR QUALITY
oocu.cNtNo. SER 70452

BLACK HAWK MAIN ROTOR BLADE SECTION DRAG COEFFICIENT - AIRFOIL SC I095

BLRCKMRWK- NRSR STUDT 26-$EP-SQ CDMRMP [1/2)

8
,¢

MRP NRME- CDMRMP

MRP TTPE; BIVUVB --

INPUT VRRIRBLE{$].z RFTWMR MRCHMR
OUTPU'I VRRIRBLE- COMR • ¢m

• a_j8

PRIMRR_' MRP: • a.m
-32.00 LI_ _,I. 0.00 • ,--,

32. O0 _ um_ I.O0 • o.--
2.00 --_, O. i0 • an

a #.IB

SECONORRT MRP_ • g._

-leO.O0 u_ u,-_ , _.m
180.O0 I.m _m_ • _-m

2. O0 --,_ ' ,.a

i ..... _ i : i i ! ,"'
l t

', .-- _ ! , i , I ' _ _ _-
J - , - I - T : I _ -'- ! ._

_ i .... !: ; :,i ! 'i t

I I - 'i ....
, i ! ,

I

J :- _ I , . ., L

i
T , - .¢.

II

n

.... _ " ' _ i "_'_ _ J ....
i i , I ' ;

•.,i,-. , #. \

" '_t .........---r....i_\_.,-r'-"-"--'----_-- r'---"-'_-----.-_
...... ' " _ _ _...-..-..,----,-,d

_" 0,o0
RFTWMI_

FIGURE 1.5.3(a)
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SIKORSKY
AIRCRAFT __._-,

• _,.,_,j_. t(_

OOCUM(N? NO.
SER 70452

BLACK HAWK MAIN ROTOR BLADESECTION DRAG COEFFICIENT - AIRFOIL SC I095 (Cont'd)

Bt,.RCI_IdRWK - NRSR 5TUO'I' 26-$EP-_0. CONRMP {2/2)

_=

FIGURE 1.5.3(b)
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CE;3:t;j_L P[_'.:.!:Z!L;

OF POOR QUALITY

OOCUM[N? _0. SER 70452

BLACK HAWK MAIN ROTOR BLADE LAG DAMPER FORCE CHARACTERISTICS

8LRCPIMRI_K - NRSR STUOT 26-5EP-_0 LOMRMP [I12)

MRP NRME= LOMRMF
MRF T_PE= UVSUV$
INPUT vRRIRBLE(5); LO.MR
OUTPUT VRRIRBLE: FLO.MR

PRIMRRT MRP:

SECONOAR_ MRP;

-2.00 =.=m=m_
2.00 =,,.=u=,
0.10 ==._

7.00 =_,mu_.
t. O0 _

i!_ 'i

, L, i ! _ [ ,
I

t

; ; _ = , !

0

Q

0

: I

i

i I'
T ....... i

. I

f

,-i
I-

, , I

! ; I
J ! • .

= )

i
i i ;

i ' !

I =" ' [

,/_T _ _ ....

• _ | ,

J

..;.._L.....__..=._._.....

° • ._°Q

s -- --_ ...........; ....J_r .....
d

i

! J ....

1 t :
I

i

! , .

: i

LD.RR

SA2_ _t'V. $

FIGURE 1.5.4(a)
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AIRCRAFT __'.o_n,

OOCUMENT NO. $ER 704-:.2

BLACK HAWK MAIN ROTOR. BLADE_LA_G DAMPER FORCE CHARACTERISTICS {Cont'd)

BLRCKHRWK- NRSR $'ruo¥ 26-SEP-60 LnHRHP t2/2)

i

i

F
! I

FIGURE 1.5.4(b)
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ORIGINAl. '_ '"• _" _,j.. ..

OF POO_ QL_:',!.._,";' OOCUMENTNO.

TABLE 1.5.1

BLACK HAWK _,IN ROTOR PRESET BLADE TWIST

TWMRMP::UVR#_
XSEGMR#*
TW$TMR#*
TWMRLO

EXP _._,I._,_._5

TWMRLO: EXP _.D,
EXP -_.95,
EXP -5.3,
EXP -9.65,

-i_.9

;MAP ARGUMENT:LOOK UP ROUTINE
;INPUT VARIABLE
;OUTPUT VARIABLE
; MAP NAME
1LOWER LIMIT,UPPER LIMIT,DELTA

-_, .8, -2.75, -3.55,
-6.15, -7. i , -7.9,

-i_.3. -1_.75, -12.3,

SER 70452

-#. 15
-4.4
-8.8
-13.1

5.1-57
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)

_OCUME._T"0. SER 704_2

TABLE 1.5.2

BLACK HAWK MAIN ROTOR BLADE SECTION LIFT COEFFICIENT - AIRFOIL SC1095

ACL1MR: 11.g
ACL2MR: 172._
ACL3MR: -5.g
ACL4MR: -172.#

CLMRMP: BIVUVR#_
AFTFMR##(17)

MACHMR#_(A17)
CLMR##(AI7)
CLMRLO

EXP -32._,3Z.3,2.#,
EXP g._,Z._,.;

CLMRHI
EXP -18B._,lSB._,Z.a

; '' ROTOR COEF. OF LIFT MAP ""
;MAP ARGUMENT:LOOK UP ROUTINE
;INPUT VARIABLE #I,
;INPUT VARIABLE #2
:OUTPUT VARIABLE
;PRIMARY (BASIC) MAP NAME

33;LOW. LIM., UP. LIM., DELTA, • ITEMS
;LOW. LIM., UP. LIM:, DELTA
;SECONDARY (HIGH ANGLE) MAP NAME
;LOW. LIM., UP. LIM., DELTA

CLMRLO:

PRIMARY MAP: AFTFMR
! MACH NO.'._

EXP -_.9675, -1.#, -g.ggS,
EXP -_.g84, -W.988, -_.976,
EXP -8.724, -_.37, -_.19,
EXP -_.19, _.83, #.243,
EXP 8.B9, 1.1_, 1.25,
EXP 8.982B, _.gBBB, E.9884,
EXP .gg7, 1.a, _.g675

FROM -32 TO 32,DELTA-2,MACHMR FROM # TO i.

-g 992,
-_ 972,
-g 39,

8 46,

# 9912,

-g.gBB
-1._7
-_.45

#.57
#.Be
_.9948

; MACH NO.-.1
EXP -B.gB75, -l.a, -_.g96, -g.992, -R. gBB
EXP -_.984, -8.988, -8.976, -_.972, -I._7
EXP -B.724, _g.37, -g.19, -_.39, -£.45
EXP -_.19, !8._3, _.243, _.4B, g. B7
EXP 8.8g, 1.1_, 1.25, 1.I_, _.98
EXP 8.gB2B, _.9BB6, 8.9884, #.9912, 8.994_
EXP .997, 1.#, _.9675

; MACH NO.-.2
EXP -_.9675, -1.g, -_'g96, -_.992, -_.988
EXP -g.984, -8.gB_, -g.976, -g.972, -1.a7
EXP -g.724, -_.37, -_.19, -_.39, -8.45
EXP -g.19, _._3, #.243, E.46, 8.67
EXP g.89, l.lg, 1.25, l.lg, _.9B
EXP 8.982B, _.9856, E.gB84, _.9912, g.994_
EXP g.997, I.#, g.g67B

; MACH NO.-.3
EXP -_.967B, -l.g, -_.996, -g.992, -_.988
EXP -g.gB4, -_.gBg, -g.976, -_.972, -1._7
EXP -g.724, -#.37, "g.19, -_.39, -g.45
EXP -g.19. g._3, g.243, g.4B, g. B7
EXP g.89, 1.I_, 1.25, 1.1g, 8.98
EXP B.gBZB, E.gBSB, _.9884, 8.9912, _.994
EXP 8.997, 1._, 8.9675

5.1-58
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SIKORSKY
AIRCRAFT

ORl_i':: ..... " "

OF ,_t'
DOCUMENT_0. SER 70452

TABLE 1.5.2 ICont'd)

I MACH NO.'.4
EXP -_.9675, -1._, -B.955,
EXP -8.9E4., "8.g66, "8.988,
EXP -8.535, -8.24, -8.38,
EXP -8.1S5, 8.85, 8.288,
EXP 8.98, 1.17, 1.13,
EXP 8.9657, 8.g714, 8,977%,
EXP _.9942, 1.8, _.9675

t MACH N0.'.5
EXP "8.9675, -1.8, -8.94,
EXP -8.925, -8.93, -8.935,
EXP -8.525, -8.4, -8.3,
EXP -8.195, 8.85, 8.295,
EXP 8.96, 1.81, 8.g6,
EXP 1.87, 1.86, 1.85,
EXP 1.81, 1.8, 8.967S

-B.96,
-8.97W,
-8.45,

_.SlS,
1.83,
g.982g,

-8 93,
-_ 94,
-8 32,

8 53,

I 835,

-8.962
-8.82
-8.42

8.7S
8.96
8.9865

-8, 92
-8. 888
-8.44

8.78
I .86
I .82

; MACH NO.=.E
EXF -8.9675, -1._, -8.946, -8.942, -8,938
EXP -8.934,. -8.93, -8.926, -8.922, -8.88§
EXP -_.56, -8.E, -8.55, -8.52, -8.47
EXP -8.195o 8.875, 8.34, 8.613, 8.84
EXP 8.915, 8.947, 1.8, 1.854, 1.88
EXP 1.863, 1.853, 1.842, 1.831, 1.82
EXP 1.81, L.8, 8.9675

I MACH NO.=.7
EXP -8.9675, -1.8o -8.944, -8.938, -8.932
EXP -8.926, -8.928, -8.914, _8.988, "8.88
EXP -8.83, -8.78, -8.735, -8.64, -8.59
EXP -8.255, 8.87, 8.395° 8.72, 8.83
EXP 8.877, 8.92, _.923, 8.93, 8.92
EXP 8.895, 8.9, 8°92, 8.94, 8.97
EXP 8.985, 1.8, 8.9675

; MACH NO.-.8
EXP "8.9675, -1.8, "8.93, -8.91, -8.89
EXP -8.87, -_.85, -_.83, -_.81, -8.8_
EXP -8.79, -8.81, -8.75, -8.69, -8.47
EXP -8.25, _.88, 8.35, 8.56, 8.785
EXP 8.818, 8.845, _.845, 8.85, 8.86
EXP 8.88, 8.98, 8.92, 8.94, 8.96
EXP 8.98, 1._, 8.9575

; MACH NO.-.9
EXP -g.9575, -1.g, -_.922, -8.894, -8.866
EXP -8.038, -B.81, -8.782, -8.754, -8.726
EXP -_.698, -_.67, -8,665. -8.66, -_.54
EXP -8,41, -8,18, 8,14, _.39, _.64
EXP 8.765, 8.81, 8.83, _.85, 8.87
EXP 8.885, 8.98S, 8.925, 8.94, 8.96
EXP 8.g8, 1.8, 8,9678

I MACH NO.-1._
EXP -8.967_, -1.#, -8.918, -8.888, -8.854
EXP -8.822, -8.79, -8.7S8, -8.726, -8.694
EXP -_,662, -8.63, -8.62. -#.61, -_.425
EXP "8_24, -8.85, 8.2, 8.45, 8.7
EXP 8.8, 8.85, 8.865, B.88, 8.895
EXP 8.91, 8.925, 8.94, 8.95S, 8.97
EXP 8.965; 1.8, 8.967_

_q_) _. _
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TABLE 1.5.2 (Cont'd)

OOCUMENT ,_0. SER 70452

CLMRH!: EXP
EXP
EXP
EXP
EXP
EXP
EXF
EXP
EXP
EXP
EXP
EXP ,
EXP
EXP
_XP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP

; HIGH ANGLE MAP: AFTFMR FROM "188 TO 188, OELTA'2

74,
568,
98,
7878
525,
4528

.3,

.1375
- ._r25,
-. 1878
-.35,
-.5125
-.575,
-.8375

-1 .,_,
-.98,
-,37,1

.,_3,
1.1,

.9856
I .,6',

.8375,

.575,

.8128,

.38,
• 1875,
._25,

-.1375,
-.3t

-.4625,
-.825,
-.7878,
-.85,
-.665°
-.74,
8'._'

.25667,

.725,

.55,

.9175,

.788,

.5925,

.43,

.2875,

.1_5o
-._575,
-.22°
-.3825,
-.548,
-.7875,
-.87,
-.988,
-.978,
-.19,

.243,
1.25,

.9884,

.9675,

.8_8,

.6425,

.48,

.3175,

.155,
-.a875,
-.17,
-.3325,
-;495,
-.5575,
-.82,
-.875,
-.68,
-.785,

.8133,

.71_,

.725,

.885,

.7225,

.56,

.3975,

.235,

.a725,
-.a9,
-.2525,
-.418,
-.5775,
-.74,
-.9B25,
-.992,
-.972,
-,39,

.46,
1.1,

.9912,

.g35,
.7725,
.61,
.4478,
.285,
.1225,

-.a4,
-.2_2_
-.365,
-.5275,
-_69,
-.8525,

-.695,
-.77,

.77,

.595,

.8,

.8825,

.59,

.5275,

.365°

.2_250

.#4.
-.1228,
-.285,
-.4478,
-.51,
-.7725,
-.93S,
-.998,

-1.a7,
-.45,

.87,

.g8,

.994,

.9_25,

.74,

.5778,
.418,
.2525°

-._725,
-.238.
- 3878,
- 56,
- ?225,
- 885,
- 728,
- 71,
- 5133,

.755

.58

.875

.82

.5_75

.495

.3325

.17

.m_78
-.185
-.3175
-.48
-._425
-.8_5
-.9675
-.984
-.724
-.19

.89
.9828
.997
.87
.7_75
.845
.3825
.22
._575

-.1_5
-.2578
-.43
-.5928
-.755
-.9178
-.65
-.725

-.25667

t_2t RiV.;
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TABLE 1.5.3

BLACK HAWK MAIN ROTOR BLADE SECTION DRAG COEFFICIENT - AIRFOIL SCI095

; *" ROTOR COEF. OF ORAG MAP ="
CDMRMP= BIVUVR#W ;MAP ARGUMENT:LOOK UP ROUTINE

AF_WHR_e(17) ;INPUT VAR]ABLE 81
MACHMRee(A17) ;INPUT VARIABLE _2
CDMRe_(A17) ;OUTPUT VARIASLE
COMRLO ;PRIMARY (BASIC) MAP NAME

EXP -32.8,32.8,Z 8,^033;LOW. LIM., UP. LIM., DELTA, # ITEMS(OCTAL)
EXP 8.8,1.8,.1 ;LOW. LIH., UP. L_H., DELTA

CDMRHI ;SECONDARY (HIGH ANGLE) MAP NAME
EXP -188.8,188,8,2.8 ;LOW. LIM., UP. LIM,, DELTA

CDMRLO:

; PRIMARY MAP: AFYWMR FROM -32 TO 32,DELTA-Z,MACHMR FROM 8 TO 1.
; MACH NO.=.8

EXP #.6975, 8.63, 8.562, 8.488, 8.417
EXP 8.34, _.257, 8.195, 8.12, 8.845
EXP 8._18, 8._12, _.888, 8.E8775, 8.m875
EXP 8.8_75, _.8875_ 8.888, 8._885, _._89
EXP 8.811, 8.817, 8.826, 8.145, 8.23
EXP 8.293, 8.345, 8.4, 8.455, 8.587
EXP 8.56, 8.53, 8.5975

; MACH NO.-.I
EX_ 8.6975, 8.63, 8.562, 8.488, 8.417
EXP 8.34, 8.267_ 8._5, 8.12, 8.8A5
EXP 8.818, 8.812, 8._B, a.88775, 8.8875
EXP 8.8875, 8.8875, 8,8_8_ 8.8885, 8.889
EXP 8.811, 8.817, 8.826, 8.145, 8.23
EXP 8.293, 8.345, 8.4, 8.455, 8.587
EXP 8.56, 8.63, 8.5975

; HACH NO.=.2
EXP 8.6975, _.63, #.562, 8.488, 8.417
EXP 8.34° _.267, 8.195, 8.12° 8.845
EXP 8.818, _.812, 8.888, 8.88775, 8.8875
EXP 8.8875, 8.8875, 8.888, 8.8_85, 8.889
EXP 8.811, 8.817, 8.826, 2.145, 8.23
EXP 8.293, 8.345° 8.a, 8.455, 8.587
EXP 8.55, 8.63, 8.6975

; MACH NO.-.3
EXP 8.6975, 8.63, 8.562, 8.488, 8.417
EXP 8.34, 8.267, 8.195, 8.12, _.845
EXP B.818, 8.812, 8._882, 8.8879, _.8875
EXP 8.8875, B.8875, 8._88, 8.8885, 8.889
EXP 8.811, 8.817, 8.826, 8.145, 8.23
EXP 8.283, 8.345, 8.4, 8.455° 8.587
EXP 8.56° 8.63° 8.6975

; MACH NO.=.4
EXP 8.6975, 8.63, 8.57. 8.51, 8.448
EXP 8.39, 8.33, 8.2fi5, g.298, #.161
EXP 8.822, 8.813, 8.8_9, 8.8885, 8.888
EXP 8._88, 8.888, 8.8882, _.8_85, 8.8_1
EXP 8.81&, 8.82, _.898, 8.169, 8.23
EXP 8.293, 8.345, 8.4, 8.455, 8.587
EXP 8.56, 8.63, 8.6975

5.1-61
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TABLE i.5.3 (Cont'd)
; MACH NO.=.5

EXP _.6975° _.63, B.564, _.51, _.465
EXP _.4_8, B.353, B.295, Z.Z4, _.183
EXP g.12, B.B67, _.a21, #.aZ, _.RB8
EXP B.a#75, #._B75, _.a#75, #.ag8, #.#I1
EXP #.gZ5, #._8, _.153, #.212, #.Z5Z
EXP #.315, _.365, B.416, #.45g, #.SZ
EXP g.55g, #.53, #.5975

; MACH NO.-.6
EXP g. Sg75, #.63, #.578, _.525, #.46g
EXP _.415, _.361, _.323, B.285, _.246
EXP B. lgl, _.128, _._7, _.B25, _.B125
EXP _._H85, _._8, _._85, _._II, _._28
EXP _._73, _.t22, _.17g, _.231, _.283
EXP _.328, _.358, _.412, _.467, #.521
EXP _.576, _.63, _.6975

; MACH NO.=.7
EXP #.5975, g,63, _.59, _.545, _.5_4
EXP _.46° _.415, _.373, _.329, _.28_
EXP _.242, #.177, _.113, _._5, _._3

EXP _.125, _.151, _.24, _.28, _.323
EXP #.355, #.498, _.¢51, _.493, _.535
EXP _.578, _.63, #.5975

; MACH NO.-.8
EXP _.6975, _.63, #.593, #.555, #.5Z
EXP _.478, _.44, _.4B3, _.364, _.325
EXP _.2g, #.225, _.15, _.I, _.a55

EXP _.17, _.Z25, _.285, _.324, _.361
EXP _.4, _.435, _.47° _.5_8, _.546
EXP _.583, _.53, _.6975

EXP
EXP
EXP
EXP
EXP
EXP
EXP

EXP
EXP
EXP
EXP
EXP
EXP
EXP

; MACH NO."
_.6975,

497,
33,

21,
425,
596,

.9
_.63, _.597, _.563_ #.53
_.463o g.43, B.397, #.363

_.aS, _._8, _.12, _.167
_.262, _.322, _.356, _.3g_
_.459, _.493, _.527, _ 562
_.63, _.6975

; MACH NO."
_.6975,
#.514°
g.37,
_.117,
_.24g,
_.457,
_.6_1,

_'. 63,
_'. 486,
_.297,

_.298,
_'. 481 ,
_.63

_.6_1, g.572, _ 543
#.457, _.428° #.399
_.248, g.292, #.152
_.1175, _.1525, _.2_3

_,37, _.399o _.428
_.$14, _.543, _.57Z
_.6975
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TABLE i.5.3 (Cont'd_l.

¢DMRHI: EXP
EXP 1.#3, .995, .95,
EXP ,84, ,8, ,7fl,
EXP .54, .6875, .735,
EXP .87875, .9275, .97625,
EXP 1.1225, 1.17125, 1.22,
EXP 1.35625, 1.415, L.46375,
EXP 1.61, l.fi6, 1.71,
EXP 1.8575, t.9#5, 1.g5Z5,
EXP 2.#525, 2.#7875, 2.IB5,
EXP 2.#8625, 2.#8, 2,#55.
EXP 1.98, 1.92875, 1.8775,
EXF 1.7_125, I.fi275, 1.55375,
EXP 1.335, 1.2625, 1.19,
EXP .9725, .9, .8325,
EXP .63, .562, ._S,
EXP .257, .195, .12,
EXP .#12, ,##8, .##775,
EXP .##75, .#_8, .3985,
EXP .#17, .#25, .145,
EXP .345, .4, .455,
EXP .63, .6975, .765,
EXP .g725, I._45, 1.1175,
EXP 1.335, 1.4#75, i._8,
EXP 1.7#125o 1.775, 1.82525,
EXP 1.g$, 2.##5, 2.#3,
EXF 2.#6625, 2.#92S, 2.#9875,
EXP 2.#525, 2.#2fi25, 2.#,
EXP 1._575, 1.81, 1.76,
EXP 1.61, 1.56125, 1.5125,
EXP 1.35625, 1.3175, 1.25875,
EXP 1.1225, _._7375, %._25,
EXP .87875, .83, .7825,
EXP .6&. .68, ,72,
EXP .84, .88, .92,
EXP 1.#3, 1.#65, 1.1,
EXP ,#

; H%GH AHGLE MAP_ AFY_MR FROM -18# TO
.#, .367, .733, 1.1,

18#, DELTA=2
l.mS5

.g2, ,88

.72, .68
.7825, ._3

1.#25, t.#7375
t.25875, 1.3175
1.5125, 1.55125
1.76, 1.81
2.B, 2.B2625

2.#9875, 2._925
2.#3, 2.##5
1.92525, 1.775
%.AS, 1.4_7_
1,1175, 1._4S

.765, .5975

.417, .34
,#4S, ._18
.##75, .zm7s
.#_9, .all
.23, .293
.5#7, .56
.8325, .9

1.19, 1.2525
1.55375, 1.6275
1.9775, 1.92879
2._55, 2.#8
2.1#5, 2._7875
1.9525, 1.9#5
1.7_, 1.66
1 A6375, 1.415
I 22, 1,17129

97625, .9275
735, .6875
76, .8
96, .995

.733, .367
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TABLE 1.5.4

BLACK HAWK MAIN ROTOR BLADE LAG DAMPER.FORCE CHARACTERISTICS

LDMRMP::UVSUV$##
LD.MR##(A1B)
FLD.MR#e(AIB)
LDMRLO

EXP 9._,2._,_.1
LDHRHI

EXP 2._,7._,I._

LDMRLO: EXP
EXP
EXP
EXP
EXP

=

LDMKHI: EXP
EXP

1MAP ARGUMENT:LOOK UP ROUTINE
;INPUT VARIABLE
;OUTPUT VARIABLE
,_OW RANGE MAP NAME
_LOWER LIMIT,UPPER LIMIT,DELTA
;HIGH RANGE MAP NAME
;LO_ER LIMIT,UPPER LIMIT,DELTA

; LOW ANGLE MAP; LD,MR # TO Z._ , DELTA " .1

ZgBB._, 3215,_, 336_'._, 345W._, 3525,_
3S55._; 359_.3, 3615.a, 363_._, 366_._
366_._

; HIGH ANGLE MAP= LD.MR 2.# TO 7._ , DELTA'I.3

5, 1-64
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5.2 Fuselage Module

5.2.1 Module Description

The effects of rotor wash _ the airframe have been treated in
gross terms. No attempt ha_ been made to determine the local

flow under the rotor disc and apply it to an element analysis
of the fuselage. The implication of the method used is that

any variations in local velocity effects have been ignored.
It is considered that the technique used provides the essential

effects of more interference velocity with increased rotor
load, and varies as the rotor wake deflects rearward with
increased forward speed.

The angles of attack and sideslip are derived from the body
axes components of velocity. These comprise the components of
flight path velocity, gust components and rotor downwash. The
definition of the angles are those used in the wind tunnel.

That is, angle of attack is the geometric angle subtended by
the model relative to tunnel axis at zero yaw angle. It does
not change with yaw angle. Angle of sideslip, equal to minus
yaw, is defined as yaw table angle in the horizontal plane of
the tunnel, irrespective of angle of attack. It should be
noted that these angles are not Euler angles.

The fuselage aerodynamic characteristics are specific to the
Black Hawk helicopter. They are not generalized in any way
and are derived direc:ly from wind _unnel t_sts. The aero-
dynamic coefficients in terms of ft" and ft_, for forces and

moments respectively, are presented as functions of angle of
attack and sideslip in Section 5.2.5. These wind axes forces
and moments are subsequently transformed into body axes at the
fuselage center of gravity. The data obtained from wind
tunnel tests up to post stall condition_ must be extended to

+90° to cover the low speed flight regimes. Near hover, the
_ost important Forces (tail off} are the vertical drag and

side force. These can be estimated fairly accurately.
Because of the d_finiticns of angle of attack and sideslip the
transformation equation _ives invalid body axes forces and
moments when these angles approach 90°.

5.2-2
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To avoid problems during pilot-in-the-loop simulation, filters
are presented which fade out the transformation and introduce

fixed body axes parameters, estimated specifically for hover
and low speed flight. For open loop anlaysis the longitudinal
degrees-of-freedom are representative. It should be noted
however, that inaccuracies will be encounted in pure side
flight (i.e., rotor side wash on the fuselage does not exist).

A block diagram indicating the fuselage module _ow is presented
on figure 2.1.1.
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5.2.4 Notat!an for the Fuselage Module

SYMBOL
USED IN

EQUATIONS

PROGRAM

MNEMONIC UNITS DESCRIPTION

VXWF VXWF FT/SEC

VywF VYWF FT/SEC

VZWF VZWF FT/SEC

VXIWF VXIWF FT/SEC I

VyIWF VYIWF FT/SEC ]
VZIWF VZIWF FT/SEC

Total velocity components at the

fuselage center of gravity

Rotor wash interference on _he

fuselage.

EKxwF

EKywF

EKzwF

EKXWF

EKYWF

EKYWF

Rotor wash interference factors

DWO
-_T

RT

DWSHMR

OMGTMR

RMR

RADS/SEC

FT

Main rotor uniform downwash.

Rotor speed

Rotor radius

qWF QWF LB/FY2 Dynamic pressure at the body

WF

Io< WFI

O_ WWF

WF

 DWF
/ WF1

ALFWF

AFABWF

ALP_WF

...................BETAWF

PSIWF

PSABWF

DEG

DEG

DEG

DEG

DEG

DEG

Body axis angle of attack

ABS (ALFWF)

Wing angle of attack

Sideslip angle

W/T model yaw angle (=-BETAWF)

ABS (PSIWF)

SNAFWF

CSAFWF

SNBTWF

CSBTWF

SIN(ALFWF)

COS(ALFWF)

SIN(BETAWF)

COS(BETAWF)

,i
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5.2.4 (Cont'd) Notation for the Fuselage Modu,le

SYMBOL
USED IN

EQUATIONS

PROGRAM
MNEMONIC UNITS

DQFMP DQFMP FT2

YQFMP YQFMP FT2

LQFMP LWFMP FT2

RQFMP RQFMP FT3

MQFMP MQFMP FT3

NQFMP

DDQFNP

OLQFMP

DMQFMP

NQFMP FT3

&DQFMP FT2

DLWFMP FT2

DMQFMP FT3

DQFTOT FT2

YQFTOT FT2

LQFTOT FT2

RQFTOT FT3

MQFTOT FT3

NQFTOT FT3

DQFTOT

YQFTOT

LQFTDT

RQFPOT

MQFTOT

r_QFTOT

OESCRIPTION

Drag coefficient from angle of

attack

Side force coefficient from

sideslip

Lift coefficient from angle of

attack

Rolling moment coefficient from sideslip

Pitching moment coefficent from

angle of attack

Yawing moment coefficient from

sideslip

Deltat drag coefficient from sideslip

Delta lift coefficient from sideslip

Delta pitching moment coefficient

from sideslip

Total components of aerodynamic

coefficients at the wind tunnel

mounting point in wind axes.

FSCGB FSCGB INS

WLCGB WLCGB II_S

FSWF FSWF INS

Fuselage station for the fuselage C.G.

Waterline station for the fuselage C.G.

Fuselage station for tunnel mounting

point.

5.2-13

B

..m. ,.. • "o..-4 ",.
_m

87287

a



SIKORSKY .#i/_ ..i=
AIRCRAFT V_._. _

OR;GI?_AL PA_.E _;';

OF POOR OUALITY

DOCUMENT ,(0.

5.2.4 (Cont'd) Notation for the Fuselage Module

SER 70452

SYMBOL
USED IN

EQUATIONS

PROGRAM

MNEMONIC UNITS DESCRIPTION

WLWF WLWF INS Waterline station for tunnel

mounting point.

FWT

a

WWT

BWT

XWF

YWF

ZWF

LWF

MWF

NWF

XWF

YWF

ZWF

LWF

M.F
NWF

FT

FT

FT

XWF' LB

YWF' LB

ZWF' LB

LWF' F'FLB

MWF' FT LB

NWF' F'TLB

LB

LB

LB

FT LB

FT LB

FT LB

I

Fuselage longitudinal mounting

point arm.

Fuselage vertical mounting

point arm.

Fuselage lateral mounting

point arm.

Fuselage aerodynamic component

loads in body axes at the C.G.

Fuselage aerodynamic component

loads in body axes at the C.G.

modified by low speed phasing.

5.2-14
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OOCUMENT NO. SER 70452

/AIP_7" Com_srM_q T_

INPUT

,_',._A/_" ._ ,_._. _- _;
_I A,,,_ -- ,_J_. o Y,,,s

L
sACral
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SIKORSKYAIRCRAFT

oRiGINAL pAGE |_

OF poOR QUALITY
OOCU.ENT._0. SER 70452

BLACK HAWK(TAIL OFF IRS OFF)

TABLE 2.5.1

INPLANE COMPONENTOF ROTOR WASH ON THE FUSELAGE

_XWFMP::BIV#_
EXP CHIPMR#_,AAIFMR##

EKXWF#*
EXWFLO

EXP "_._,1_._,i_._,13
EXP -5.8,5._,5._

;MAP ARGUMENT:LOOK UR ROUTINE
;INPUT VARIABLE .I, :_PUT VARIABLE 82
;OUTPUT VARIABLE
;LOW ANGLE MAP NAME
FLOW LIM,UPPER LIM,DELTA,OENTRY$IOCTI-CHIPMR
;LOW LIM,UPPER LIM,DELTA-AA1FMR

EXWFLO=EXP
EXP

; LOW ANGI'E MAP CHIPMR 8 TO 188 (DEL'1B) AAIFMR -6,#,6
; AA 1FMR"-6

J_.BB, _'. tB, _.3, B.43, _.55
8.86, JE.79, 8.9, 1._3, _r.55

; AAIFMR-8
EXP 8.;_, J_. 1, 8.21, _r. 32, 8.42
EXP _.54, _.66, _r.B, 8.94, 8.5

; AA i FMR,,6
EXP -_I. 12, J_.B2, B.SB, 8. IB, B.2B
EXP g.,$, J_.53, _.67, =.BZ, g._

B.8

TABLE 2.5.2

DOWNWASH FROM THE MAIN ROTOR ONTO THE FUSELAGE

EZ_tFMP::BIV_e
EXP CHIPMR*e,AAIFMR##

EKZ_WF*#
EZWFLO

EXP _._,1_8.8,18._°13
EXP -6.8,6.a,5o_

;MAP ARGUMENT:LOOK UP ROUTINE
;INPUT VARIABLE #t, INPUT VARIABLE #2
;OUTPUT VARIABLE
;LOV ANGLE MAP NAME
;LOW LIM,UPPER LIM,DELTA,*ENTRYS(OCT)-CHIPMR
;LOW LIM,UPPER LIM,OELTA-AAIFHR

EZWFLO:EXP
EXP

; LOW ANGLE MAP CH!PMR B TO 18J_ (DEL"18) AA1FMR -6,#,6
; AA1FMR"-6

t. ! 1, 1.89, 1.88, I._65, 1.35
1._4, 1.82, i._1, 1.J_, _.BB

EXP
EXP

; AAI FMR-8
1.12, 1.12, 1.12, I.I2, 1.12
1.12, 1.12, 1.12, 1.11, 8.95

_.B

EXP
EXP

; AAIFMR'6
1.15, 1.15, 1.15, 1.15, 1.16
1.17, I • 1B, 1.22, 1,16, 8.98
_.6

5.2.16
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SIKORSKYAIRCRAFT
OF POOR QUALITY

oocuM_NT.o. SER 70452

BLACK HA_K (TAIL OFF INS OFF)

TABLE 2.5.3

FUSELAGE DRAG COEFFICIENT DUE TO ANGLE OF ATTACK
BQFMP=:UVRUVR#e

ALFWF_e
DQF*#
DQFLO

EXP -3_.#,38.#,5.#
DQFHI

EXP -g#.#,98.#,I#.#

DQFLO: EXP
EXP
EXP

DQFHI: EXP
EXP
EXP
EXP

IMAP ARGUMENT:LOOK UP ROUTINE
;INPUT VARIABLE
;OUTPUT VARIABLE
;LOW ANGLE MAP NAME
;LOWER LIMIT,UPPER LIMIT,DELTA-LOW ANGLE
;HIGH ANGLE MAP NAME
;_OWER LIMIT,UPPER LIMIT,DELTA-HIGH ANGLE

; LOW ANGLE MAP: ALFWF -3# TO 3_ , DELTA-5
45.a8, 37.58, 31.58, 27.48, 25._§
23.58, 23.58, 25.#8, 27.58, 31.28
36.58, 43.H8, 51.#8

; HIGH ANGLE MAP: ALFWF "9# TO 9H , OELTA'I#
15#.#, 145.#, 133.#, 114.#, B8.#

61.#, 45.#8, 31.58, 25.#6, 23.58
27.58, 36.58, 51._8, 66._, 84.S

Ii#.#, 132.#, 145.#, 15#.J

TABLE 2.5.4

INCREMENTAL FUSELAGE DRAG COEFFICIENT DUE TO SIDESLIP

DDQFMP::UVRUVR#_
PSABWFO_
DDQF#4

DDQFLO
EXP #.#,3#.#,5.#

DDQFHI
EXP 3#.#,98.#,i#.#

; LOW ANGLE MAP: PSI(ABS} I TO 3#, 0ELTA'B
0DQFLO: EXP _.g, I.#, 4.#, g.a,

EXP 2B.#, 3a.S

; HIGH ANGLE MAP: P$I(AB$) 3# TO 9g, DELTA-I#
ODQFHI: EXP 38.5, 76.5, 113.5, 141.5,

EXP 159.5, 17_.5

IMAP ARGUMENT:LOOK UP ROUTINE
;INPUT VARIABLE
;OUTPUT VARIABLE
;LOW ANGLE MAP NAME
;LOWER LIMIT,UPPER LIMIT,0ELTA-LOW ANGLE
;HIGH ANGLE MAP NAME
;LOWER LIMIT,UPPER LIMIT,DELTA-HIGH ANGLE

16.3

184.5

TABLE 2.5.5

FUSELAGE SIDE FORCE COEFFICIENT DUE TO SIDESLIP

YQFHP::UVSUV$*e
PSIWF_*
YQF#_
YQFLO

EXP _._.38.#,5.#
YQFHI

EXP 3_.#,9#.8,1g,_

YQFLO: EXP
EXP

YQFHI: EXP
EXP

;MAP ARGUMEMT:LOOK UP ROUT%NE
;INPUT VARIABLE
;OUTPUT VARIABLE
;LOW ANGLE MAP NAME
;LOVER LIMIT,UPPER LIMIT,DELTA-LOW ANGLE
;HIGH ANGLE MAP NAME
;LOWER LIMIT,UPPER LIMIT,DELTA-HGIH ANGLE

; LOW ANGLE MAP: PSZWF # TO 3#, BELTA_5 Y(PSI)'-Y('P$%)

8.B, 11.8, 23._, 35.#, 58._
65.#, 72.#

! HIGH ANGLE MAP: PSIWF 3# TO 9g, ¢ELTA-I# Y(PS%)'-Y(-PSZ)
72.#, 92.#, 1#3.#, I##._, 84.#

64._, 37._

5.2-17
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SIKORSKYRCRAFT

ORIGINAL PAGF-. i_

OF POOR QUAL|TY

00CU_ENTNO.SER 70452

BLACK HAWK(TAIL OFF IRS OFF)

TABLE 2.5.6

FUSELAGE LIFT COEFFICIENT DUE TO ANGLE OF ATTACK

LQFMP::UVRUVR#_
ALFWF#$
LQF#$
LQFLO

LQFHI

;MAP ARGUMENT:LOOK UP ROUTINE
_INPUT VARIABLE
_OUTPUT VARIABLE
;LOW ANGLE MAP NAME
;LOWER.LIMIT,UPPER LIMIT,DELTA-LOW ANGLE
;HIGH ANGLE MAP NAME
_LOWER LIMIT,UPP{R LIMIT,DELTA-HIGH ANGLE

LQFLO: EXP
EXP
EXP

; LOW _NGLE MAP= ALFWF -3#'TO 3# , 0ELTA-5
-Tg._, -52._, -35.#, -25.a, -13.m

-B._, I._, , I_._, 2B._, 25._
3#._, 34._, 37._

LQFHI: EXP
EXP
EXP
EXP

; HIGH ANGLE MAP: ALFVF -9_ TO 9_ , DELTA=I_
-Z4._, -54._, -72.a, -81._, -8B.J
-83.a, -7B.g, -35._, -13._, I.#

S_._, _8._, 39._, 22.d

TABLE 2.5.7

INCREMENTAL FUSELAGE LIFT COEFFICIENT DUE TO SIDESLIP

DLQFMP::UVR##
PSIWF##
DLQF##
0LQFLO

IMAP AR_UMENT:LOOV UP ROUTINE
;INPUT VARIABLE
;OUTPUT VARIABLE
ILOW ANGLE MAP NAME
;LOWER LIMIT,UPPER LIMIT,DELTA-LOW ANGLE

D_QFLO: EXP
EXP
EXP

; LOW ANGLE MAP: PSIWF -3_ TO 3_, 0ELTA-5
3#._, 2_._, 12.#, ?._, 3._

2.B, _.B, 2.B, 5._, 1#._
15._, 22._, 3_._

TABLE 2.5.8

FUSELAGE ROLLING MOMENT COEFFICTENT DUE TO SIDESLIP

RQFMP::UVSUVS_
PS[WF#e
RQF##
RGFLO

RQFHI

;MAP ARGUMENI:LOOK UP ROUTINE
;INPUT VARIABLE
;OUTPUT VARIABLE
;LOW ANGLE MAP NAME
;LOWER LIMIT,UPPER LIMIT,DELTA-LOW ANGLE
;flIGH ANGLE MAP NAME
;_OWER LIMIT,UPPER LIMIT,DELTA-NGIH ANGLE

RQFLO; EXP
EXP

; LOW ANGLE MAP: PSIWF g TO 3_, 0ELTA=5 R(P$I)=-R(-PSI)
g.#, #._., 8.#, -3#._, -TS,_

-12_._, -11_._

RQFHI: £XP
EXP

# HIGH ANGLE MAP: PSIWF 3a TO g#, DELTA'IB R(PSI)m'R(-PII)

"l_g._, -l_.g

5.2-18
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SIKORSKY
AIRCRAFT

ORIGINAL P"_,@_ r,_

OF PO0,_ QUALITy

:OCU.E,NT,0. SER 70452

BLACK HAWK_TAIL OFF IRS OFF)

TABLE 2.5.9

FUSELAGE PITCHING MOMENT COEFF.ICIENT DUE TO ANGLE OF ATTACK

MGFMP::UVRUVR*O
ALFWF#@
MOF#*
MOFLO

EXP -3#.3,3"_.g,S.#
MQFHI

;MAP ARGUMENT:LOOK UP ROUTINE
;INPUT VARIABLE
;OUTPUT VARIABLE
;LOW ANGLE MAP NAME"
;LOWER LIMIT,UPPER LIMIT,DELTA-LOW ANGLE
;HIGH ANGLE MAP NAME
;LOWER L_MIT,UPPER LIMIT,DELTA-HGIH ANGLE

MOFLO: EXF
EXP
EXP

; LOW ANGLE MAP: ALFWF -31 TO 3_ , DELTA-E

-23_._, -g_.#, 13._, I_8.#, Z9_._
4B_._, 6_._, 7B_._

MQFHI: EXP
EXP
EXP

EXP

; HIGH ANGLE MAP= ALFWP -g_ TO gB , DELTA'%_

_7B_._, -74_._, "S3_._, -3BB._, : -9_.#
1_._, 4Bg.8, 75_.8, 818.8, 825._

7_._, 55_.8, 47_._, 2_B.8

TABLE 2.5.l0

INCREMENTAL FUSELAGE PITCHING MOMENT DUE TO SIDESLIP

; *" BLACK HAWK FUSELAGE gEL PITCH MOM VS PSIWF(ABS)
OMQFMP::UVR*_ ;MAP ARGUMENT:LOOK UP ROUTINE

PSABWF_* ;INPUT VARIABLE
DHOF#* ;OUTPUT VARIABLE
DMOFLO ;LOW RANGE MAP NAME

EXP _.3,3_._,5._ ;LOWER LIMIT,UPPER LIMIT,DELTA-LOW ANGLE MAP

; LOW ANGLE MAP: PSI(ASS) _ TO 3_, DELTA-§

EXP 138._, 18_._

TABLE 2.5.11

FUSELAGE YAWING MOMENT COEFFICIENT DUE TO SIDESLIP

NGFMP::UVRUVRe*
PSlWF_#
NQF#_
NQFLO

EXP -_3._,3#.#,5._
NQFHI

NQFLO: EXP
EXP
EXP

NQFHI: EXP
EXP
EXP
EXP

;MAP ARGUMENT:LOOK UP RQUTINE
;INPUT VARIABLE
;OUTPUT VARIABLE
;LOW ANGLE MAP NAME
;LOWER LIMIT,UPPER LIMIT,DELTA-LOW ANGLE
;HIGH ANGLE MAP NAME
;LOWER LIMIT,UPPER LIMIT,DELTA-HIGH ANGLE"

; LOW ANGLE MAP: PSIWF-3B TO 3_, DELTA"S
-14B.#, -19_._', -24_._J, -22_J._,

24J_._, IgJJ._J, 14_.J_

; HIGH ANGLE MAP." PSIWF -g_ TO gB, DELTA-I_
44B.8, 392.8o 332.#, 259.J_, lS_.#

48'.8, -14B.2', -248._J, - 18_J.2', 8.2'
IgB._, 24_.J_, I4J_._, 59._, -3_.J_

- 12S .8, -22_._, -32J_. 8, - 42J_. J_

5.2-19
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ORl(_ll'Jf',. ........

OF POOR QU- ..... ';

IrWPLANE COMPONENT OF ROTOR WASH ON THE FUSELAGE

MRP NRME: EXWFMP
MRP TTPE: BIV
INPUT VRRIRBLEI$]: CHIPMR
O_TPUT VRRIRBLE: EKXWF

PRIMRRT MRP:

RR%FMR

O.O0 I.i,I, umn -6.00
100.00 _mu.n 6.00

ZO.OO Jim B.O0

SER-70452

IQ': '. : . I I i ' T ' i

" ' i J _ , {

• I I I ' I ; I i

- - i - i : i .... f ' : - ,T"-" T ..... .'-"..... ! ' " i

....+__..__......,_.
L__ '. , L ; " : J __. t .._.LT_._I___,_\\ '. ,
/ i . ' i -/ ,-/- i -/'---_\\ ', _ l

" i " - _ --' . I ...... ._-_i • . ..----..,

Xli _ , t l

_m.-- ..................... - .... ; ......... C-- .---;

CH IPMn

FI GURE 2.5. l

..... amm'i Irr ......... " .....

k



i "

i-

!
i

SER 70452

DOWNWASH FROM THE MAIN ROTOR ONTO THE FUSELAGE

MRP NRME: EZWFMP
MRP TTPE: BIV
INPUT VRRIRBLE(S|: CHIPHR nRtFMR
OUTPUT VRRIRBLE= E_ZWF

PRIMRRT MRP:
0.00 ---,uu_ -6.00

100.00 ,w,m,umn 6.00
i0.00 --,_ 6.0d

/

.... i............ I "r- '
I )

r

CHIPRR
•_lxm' ,b.oo ,b._ -'T

FIGURE 2.5.2
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_O¢'_i_b _ ,,l L ,o, ',,

OF pOOR QUAL.iT'/
SE_ 70452

FUSELAGE DRAG COEFFICIENT DUE TO ANGLE OF ATTACK

BL8CKHAW_ - NASA STUOT 23-_EP-80

MRP NRME: O_FMP
MRP TTPE: UVBUVR
INPUT VRRIRBLE($): RLFWF
OUTPUT VRRIRBLE: OOF

PRIMRR_ MRPi

5ECONORR_ MRP:

. 5.00 "--,,

90. O0 _ _,,,n

OQFHP (I/23

FIGURE 2.5,3(a)



[, °,

" - •', ; SER-70452

FUSELAGE DRAG COEFFICIENTDUE TO ANGLE OF ATTACK (cont'd)

I_tilIICIIHAWtl - NA_IFI STUQ'I' Z3-_Elt-80 rleFMI II {2/I!I

FIGURE 2.5.3(b)

B.2-23
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ORIGIN[',L F/_CE _t4
OF pOOR QUALt'I'Y

SER 70452

INCREMENTAL FUSELAGE D_G COEFFICIENT DUE TO SIDESLIP

BL_C_NBWK - NRSR _TUOT 23-SE=-@O 00QFHF :1_2_

MRP NRME=
_RP TTPE:
INPgT VRRIRBLEI5)=
QUT_UT VRRIRBLE=

PRI_RR? _RP=

_EC_N0_RT _RP:

PSRSWF
00QF

O. 00 _ um.
30.00 _ _,.,n

5. O0 ==_

30.00 =.l, u,,m

FIGURE 2.5.4(a)
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P,
r" , J

SER 70452

INCREMENTAL FUSELAGE DRAG COEFFICIENT DUE TO SIDESLIP (Cont'd)

BLRCKHRWr- NRSR STUOT 23-_EP-80 OOGFMP f2/2)

g

! T

i

FIGURE 2.5.4(b)
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GF P,3 ;F; O:.','';;.ITY

SER 70452

FUSELAGE SIDEFORCE COEFFICIENT DUE TO SIDESLIP

BL_CKHRW_ - NASR STUOT 23-_EP-B0

NRP NAME: TQFmP
NAP TTPE: UVSUV_
INPUT VRRIRBLE{5): PSIhF
OUTPUT VRRI_BLE: TQF

PRIMRRI NRP:

_ECONOART MAP:

-30.G0 ,._u..
30.G0 _,l,u,m

"90.GO o._um.
SO.G0 ,emum.

IGFMP' 1/2)

FIGURE 2.5.5(a)
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ORrGINAL P.".GE IS
OF POOR QUALITY

SER 70452

FUSELAGE SIDEFORCE COEFFICIENT DUE TO SIDESLIP (cont'd)

@LA_MAHK- NASASTU0¥ 23-S_P-SQ _QFMP _2/2)

g

._o.oo -_.oo -_w.oo qs.oo ._.oo o'.oo
P$1WF

: i
m

4

] - ,,

l I
L ' i "

_-i ; i w, _i , ' ii, .... ' i'_m_

• , i i

_ ______.___, ' _, : I i i / _

_: ,_ : _ t -,_
• ' ' , I , i /o ' ;

, ' /F, ..... "------4------4

i 1 ! " 1

,. _ _ , i'i, ; , . , ]
; _ ! I /,r- I i ! t' 1
..... •r • 1 ' ' 't" " ' : ' _ _'_

I t i i I ; i.... ,.... ,_./_ i , .......... __

- --/" -7-; ---r ..... 7---r .... _......... 1
"--_ _--_ , _--_---_--_:- : ! "2

i<- ! ,__......__m-_-_:i i i -'

.__ ; .... _ ;
1 . . . , .... _1

I

i'll ,i.ol ti._ _i.oo ,_.oli

FIGURE 2.5.5(b)
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ORIGINAL PAGE IS

OF POOR QUALITY SER 70452

FUSELAGE LIFT COEFFICIENT DUE TO ANGLE OF ATTACK

BLRC_IHI:IWIK - NRSR $TUO'F 23-SEP-80

MRP NRME;
MRP TTPE=
INPUT VRRIRBLEI_)=
OUTPUT VRRIRSLE:

RLFWF

PRIMRRT MRP:
-30.00

30,00
5.00

$ECONORRT MRP:
-gO.O0

gO.O0
_0.00

LQFMP
UVRUYR

LOF

klmT1

I.lltlT}

Inl

_mtl

=11.I_

LQFMP :I12}

I

FIGURE 2...6(a)
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C._i,V_!:',LC.L ,, _-P,,-:" IS
OF POOR QUALITY

SER 70452

FUSELAGE LIFT COEFFICIENT DUE TO ANGLE OF ATTACK (Cont'd)

9LAC_MRWK - NA_R STUO_ 23-SEP-0a LQFMP (2/2)

FIGURE 2.5.6(b)

B.2-29
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ORIGINAL PAGE [3

OF POOR QUALITY

SER 70452

INCREMENTAL FUSELAGE LIFT COEFFICIENT DUE TC SIDESLIP

MRP NRME= OLOFMP
M_P TTPE= UVR
INPUT VRRIRBLEI$1= • PSIWF
OUTPUT VRRIRBLE; OLQF

PRIMRRT MRP=
" -3CI.OQ _tl, _=m_

5. ClO =li,,

,..I!

i

I1

!

I

!

i

FIGURE 2.5.7
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(_FR"2,1NAt D,,-..
==_^Z _'-.'.v.C_:r_
-,.,uIy QUALITy SER70452

FUSELAGE ROLLING MOMENT COEFFICIENT DUE TO SIDESLIP

BLRC_MRWK - NRSR _TLtOT 23-SEP-BO RQFMP It/2}

=,

NRP NRME_ RQFMP
MRP TTPE= UVSU_5
INPUT VRRIRBLE(5]: P$IWF
OUTPUT VRRIR_LE= RQF

PRIMRRT MRP:

5ECONORRT MRP:

-30.00 =.==_uu.

30.00 _u=.

-gO. O0 _m, L.mm
90. O0 _ u,m_

10. O0 -.-,

FIGURE 2.5.8(a)
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_-,_.pC,O_ C_'.._!_'-;/'_ SER 70452

FUSELAGE ROLLING MOMENT COEFFICIENT DUE TO SIDESLIP (Con='d)

BLRCKHRHN - NA_R STUOT 23-SEP-80 RQFMP {212)

1

FIGURE 2.5.8(b)
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ORIGIN#,L P,SGE I_

OF POOR QUALITY

SER 70452

FUSELAGE PITCHING MOMENT COEFFICIENT DUE TO ANGLE OF ATTACK

BLRCKHRW_ - NRS_ _TUD_ 23-SE:-en MQFmP 11/2}

g
I=

MRP NRHEI RQFMP
MRP TTPE: UYRUVR

INPUT yRRIABL_I_): ALFWF
_UTPUT VRRIRBLE; _F

PR/NRRT _RP_

5ECONORR? HRP:

30. O0 _ u,z.

-80...,0 _ ,.I,..
90. gO m ,.,,..

I

FIGURE 2.5.9(a)
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OR_,GI.NALP[;_G£ FJ

OF POOR Q,JAL!TY
SER 70452

FUSELAGE PITCHING MOMENT COEFFICIE_T DUE TO ANGLE OF ATTACK (Cont'd)

BLI:II;I_HRWI',- NRSR STIJD'r _23-SEP-@O M_FMP [2/2)

oo

a

8_T-=" '_ i, ' i i _ I

g ...... I

-" '/
" ' .! !.., i I -_

I • $ , " • • )
_0 I • - I _2 /: ! { : ,

• : , ' i - :

.......J-"-__>"_" _'_ r.......................

O I ; ; • , .

O _ ( , . ,

I

RLFWF

FIGURE 2.5.9(b)
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r'_,_ QUA,j, y SER 70452

INCREMENTAL FUSELAGE PITCHING MOMENT DUE TO SIDESLIP

MRP NRME: OMQFMP
MRP TTFE: UVR
INPUT VRRIRBLE($): PSRBWF
OUTPUT VRRIRBLE= 0MQF

PRIMBR_ MRP=
0.00 _ uq.

30.00 _ ,.m,T_
5.00 - ,"71.

i

i

! i

I
I

1

i

I ! , ,
I

I

' i

i

t

t '

.... _....... _ ........... "-- ...... ."...... i
i

PSRSNF

FIGURE 2.5.10



ORIGINAL FI;_G:_;_:5
OF POOR QUP,L!P/

SER 70452

FUSELAGE YAWING MOMENT COEFFICIENT DUE TO SIDESLIP

8LRC_HAH_ - NASA STU0_ 23-SEP-60

MAP NAME_ NnFMP

MAP TTPE= UyRUV_
INPUT VRRIRBLEI$)= F_IWF

_UTFUT VRRIRBLE= NOF

PflIMRflT MRP=

5ECOHORR_ MRP=

3Q. O0 _ ,.=m_
• 5. OO ,=.1,,

-90.00 _

i l ;,,,.

NGFMP [I/2}

{ , ; ! t

I
i • r

__.
' 1 ; 1

i " I

• , ,, -:

: I

• ,[

.'_ , i,:"::i -: \i: :_ rf.-;T ,-X-.-;-_-_ " .

.......... _.._-_ ........,
-- :- -- --T ----- "

_ '----"---"_ ................. -'r."--
. ,.

,_..-__-, -- .L. i ....T- ---;
l I

; I

L
G.

PSIWf

, .--4
---- i {

+ I

I

-i

8{_.GO

FIGURE 2.5.II(a)
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OR!G!t',!P,L F,qGg |_l

OF POOR QUP.LITY
SEa 70452

I

FUSELAGE YAWING MOMENT COEFFICIENT DUE TO SIDESLIP (Cont'd)

BLACKHRWK - NASA _?Ugl 23-$EP-e0

i I
i
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Empennage Module

Module Description

This module calculates the aerodyanmic forces on the horizontal
and vertical tail surfaces resulting from the local ;irflow.

The velocities are derived at, and the aerodynamic forces
assummed to act at, the panel center of pressure. Aerodynamic
forces are developed in the local flow wind axes system and
subsequently transferred to the body axes system at the fuselage
CG as defined on Figure 3.1.1. The overall module equatian
flow is shown in,block diagram form on Figure 3.1.2.

The tail can experience aerodynamic interference effects from

many sources. Components of flow from the main rotor and
fuselage are define at present in this module. However, the
equations are formulated to allow easy insertion of other
components. Three components of rotor wash are developed as
a function of rotor wake skew angle and blade longitudinal

flapping. Tail dynamic pressure blockage and downwash from
the forebody are developed as a function of angle of attack
and sideslip. Small downwash/sidewash angles are assumed and
the velocity delayed to account for the time taken by the
airflow to reach the tail.

The total velocity components for the tail are made up of
contributions from the basic body axes translational and
angular velocities, gust effects, rotor wash, fuselage downw_sh
and sidewash. Dynamic pressure loss is introduced by factoring
the components of the free stream flow. The actual total
dynamic pressure at the tail is calculated from the resultant
velocity vector. This allows a more representative definition
of dynamic pressure at low speeds where downwash fro:,the
rotor predominates the flow at the tail. The lift and drag
forces at the tail are obtained from isolated tail data and

are a function of tail total angle of attack. In the case of

the vertical tail, angle of attack has the same connotation as
sideslip. The lift an_ drag forces in local wind axes are
resolved into body axes at the tail. (Moments from the tail
about its own axis are not accounted for.) Finally, the

component forces at the empennage are transferred to the CG
together with the corresponding moments.

5.3-2
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5.3.4 NOTATION FOR THE EMPENNAGE MODULE

SYMBOL
USED IN

EQUATIONS

PROGRAM

MNEMONIC UNITS DESCRIPTION

29 R(¥. G

FSHI FSHI INS

FSCGb FSCGB INS

FHT 1 KH FT

WLH I WLHI INS

WLCGb WLCGB INS

WHT I KH+I FT

BLH 1 BLHI INS

BLCGb

BHT

EKXH 1

EKTH I

EKzH 1

")CPIeR

aIFMR

DWSHMR

- ZT
RT

VXMRH I

VyMRH I

VZMRH I

QHIQWF

O_WF

_/-/WF

_WF

BLCGB INS

KH+2 FT

EKXHI NO

EKYHI NO

EKZHI ND

CHIPMR DEG

AALFMR DEG

DWSHMR ND

OMGTMR RADS/SEC

RMR FT

VXMRHI FT/SEC

VYMRHI FT/SEC

VXMRHI FT/SEC

QHIQWF ND

ALFWF

PSIWF

BETAWF

DEG

DEG

DEG

5.3-14
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Fuselage station for horizontal

tail C.P.

Fuselage station for CG

Waterline station for horizontal

tail C.P.

Waterline station for CG

Buttline station for Horizontal

tail C.P.

Buttline station for CG

Rotor wash factors

Rotor Wake Skew angle

Rotor longitudC_al flapping

Rotor uniform do\Ynwash

Trim rotor speed

Rotor radius

Rotor interferenc& v^locity at the

Horizontail _ail.

/
/

Horizontal tail _ynamic pressure

ratio

Fuselage angle _f attack..

Fuselage heading

Fuselage sideslip.
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SYMBOL

USED IN

EQUATIONS

PROGRAM

MNEMONIC UNITS DESCRIPTION

KQH I

EpSH 1

VXb

VZWFHI

VXIHI

VyIH 1

VZIH 1

P

q

r

VXH I

VyH I

VZH 1

KQHI ND

EPSHI DEG

VXB F'C/SEC

VZWFHI FT/SEC

VXIHI FT/SEC

VYIHI FT/SEC

VZIHI" FTISEC

P P.ADS/SEC

q RADS/SEC

r RADS/SEC

VXHI FT/SEC

VYHI FT/SEC

VZHI FI'/SEC

VRGHL VXGHI F'F/SEC

VyGH% VYGHI FT/SEC

VZGH_. VZGHI FT/SEC

f
QHI

RH0 SLUG/FT3

QHI LB/F-I"2

CX'HI ALFHI DEG

Hill ALFHHI DEG

H I BETH1 DEG

Downwash angle

Fuselage X axis velocity

Fuse/Tail downwash velocity

Horizontal tail total interference

velocity

Body axes angular rates.

Total velocity at the horizontal

tail.

Gust velocity at the horizontal

tail.

w.

Air density.

Dynamic pressure at the

horizontal tail

Body axis angle of attack

Total tail angle of attack

Sideslip angle

SA2t _Y.

5.3-15



SAjIKORSKYRCRAFT

I,,JORIGINAL _/--_C;:'_"""'
OF pOOR QUAL.)"r"(

OOCUMENT NO. SER 70452

5.3.4 (Continued) NOTATION FOR THE EMPENNAGE MODULE

SYMBOL
USED IN

EQUATIONS

PROGRAM

MNEMONIC UNITS DESCRIPTI ON

VXMRV I

VyMRV I

VZMRV I

SIGV I

VyWFV I

VXV I

Vyv I

VZV I

VXGV I

VyGVI

VZGVI

VXIVI

VyIVI

VZIVI

QVI

VXMRV 1

VYMRV i

VZMRV 1

SIGV I

VYWFV I

VXVI

VYVI

VZVI

VXGVI

VYGVI

VZGVI

VXIVI

VYIVI

VZIVI

QVl

FT/SEC

FT/SEC

_T/SEC

DEG

FT/SEC

FTISEC

FTISEC

FTISEC

FT/SEC

FTISEC

n'ISEC

FT/SEC

FT/SEC

FT/SEC

LB/F-C2

Rotor interference velocities

Fuselage sidewash angle

Fuselage sidewash velocity

Total velocity at the vertical

tail.

Gust velocity at the vertical

tail.

Inteference velocity at the

vertical tail.

Dynamic pressure at the vertical

tail.

/_Vl

_YvI

AFVFI

BETVI

aE'FVVI

SNAFVI

CSAFVI

SNBTVI

CSBTVI

DEG

DEG

DEG

m

5.3. 16
PAGE

Angle of attack

Sideslip

Total sideslip angle

SIN(ALFVI)

COS(ALFVI )

SIN(BETVI)

COS(BETVI )
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5.3.4 (Continued) NOTATION FOR THE EMPENNAGE MODULE

SYMBOL
USED IN

EQUATIONS

J__

PROGRAM

MNEMONIC UNITS DESCRIPTION

m

m

SNAFHL

CSAFHI

SNBTHI

SCBTHI

CLH I CLHI NO

CDH I CDHI ND

S!N(ALFHI)

COS(ALFHI)

SIN(BETHI)

COS(BETHI)

Coef of lift

Coef of drag.

XHI XHI L.B

YHI YHI LB

ZH1 ZHI LB

LHI LHI FT LB

MHI MHI F'TLB

NHI NHI F-rLB

Horizontal tail forces and

moments

FSVI FSVTI INS

FVT I KV FT

WLVI WLVT1 INS

BLV I BLVT1 INS

BVT I KV+2 FT.

EKXV 1 EKXV 1 -

EKYVl EKYVI -

EKZVI EKZV I -

Fuselage Station for the vertical

tail C.P.

Waterline Station for the vertical

tail C.P.

Buttline Station for the vertical

tail C.P.

Rotor wash factors

5.3-17
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5.3.4 (Continued NOTATION FOR THE EMPENNAGE MODUt.E

SYMBOL

USED IN

EQUATIONS

PROGRAM

MNEMONIC UNITS

QVIQWF

KQV£

CLVI

CDVI

QVIQWF

KWVI

CLVI ND

CDVI ND

Xv1

YVI
?

_Vl

LVI

MVI

NV1

XVl

YVI

ZVI

LVI

MVI

NVI

LB

LB

LB

FT LB

FT LB

FT LB

XT

YT

ZT

LT

MT -

N.-
I

LB

LB

LB

FT LB

FT LB

FT LB

DESCRIPTION

Dynamic pressure ratio, ratio

SQRT (dynamic pressure ratio)

Coef of lift

Coef of drag

Vertical ta<l forces and moments

Tota.l Empennage forces and moments

_

5.3-18
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BLACK HAWK

TABLE 3.5.1

MAIN ROTOR INPLANE WASH AT THE HORIZONTAL TAIL

EXHIMP=:BIV_
EXP CHIPHR_,AAIFMR#e

EKXH!#_
EXHILO

EXP _._,l_B._,lB._,13
EXP -B._,6._,B._

;MAP ARGUMENT=LOOK UP ROUTINE
;INPUT VARIABLE Wl, INPUT VARIABLE _2
;OUTPUT VARIABLE
;LOW ANGLE MAP NAME
;LOW LIM,UPPER LIM,DE!.TA,_ENTRY${OCT)-CHIPMR
;LOW LZM,UPPER LIM,DELTA-AA1FMR

; LOW ANGLE MAP CHIFMR • TO Im_ (DEL-I_) AA1FMR =6,_,6
; AAIFMR--6

EXHILO=EXP 2".2,
EXP J_.@,

a

-B.2, #.BB, _.3_ #.54
1._4, 1.3, 1.55, ,8".8

; AA 1FMR,,_r
EXP -_. _,, -_r. 6 , -_.2. B. 12, _.36
EXP _.6, _,83, I .B6, t ,3, _.66

_,_

; AA1FMR,,6
EXP -g. B6, -_r. B, -_. 74, -_. 32, #.,_4
EXP a.32, _.6, _r. 8B, ];, IZ, ,f_. 5,t

#.#

TABLE 3.5.2

MAIN ROTOR DOWNWASH AT THE HORIZONTAL TAIL

EZHIMP::BIV##
EXP

EXP
EXP

;MAP ARGUMENT=LOOK UP ROUTINE
CHIPMR#_,AAIFMR#_ ;INPUT VARIABLE _I, INPUT VARIABLE #Z
EKZHI#_ ;OUTPUT VARIABLE
EZH1LO ;LOW ANGLE MAP NAME
_._,1_._,1_._,13 ;LOW LIM,UPPER LIM,DELTA,#ENTRY$(OCT)-CHIPMR
-6._,B._,6._ ;LOW LI_,UPPER LIM,DELTA.-AA1FMR

; LOW ANGLE MAP CHIPMR _ TO 1_ (OEL=I_) AAIFMR -6,_,6
; AAIFMR=-6

EZH1LO=EXP -#.13,
EXP l.B8,

1.14

; AAIFMR-_
EXP g.4,
EXP 2._4,

1.35

; AAIFMR=6
EXP _,7B,
E×P _.14,

I.B6

#.S, 1.8, 1.82, 1.86
1.91, 1.94, 1.69, 1.42

B.94, 1.84, l._l_ 1.g8
2.ae, 2.14, 1.B9, 1.62

1.36, 1.91, 1.98, 2.#6
2.21, Z.ZB, 2.16, l._B

5.3-20
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BLACK HAWK

TABLE 3.5.3

DYNAMIC PRESSURE LOSS AT THE HORIZONTAL.TAIL

ALFWF## ;INPUT VARIABLE
QHtQWF## ;OUTPUT VARIABLE
GH1LO tLOW ANGLE MAP NAME

EXP -3_.8o3_,2,5o_ ;LOWER LLMIT, UPPER LIMIT, DELTA

; LOW ANGLE HAP ALFHHI -32 TO 32 DELTA-B
QHILQt EXP t,_° t.8, 8.95, 8,75, B,78

EXP 8.76, a._3, 8.76, 2.76, 8.82
EXP _.91, l.a, i._

SER 70452.

TABLE 3.5.4

FUSELAGE DOWNWASH AT THE HORIZONTAL TAIL

EPH!MP=;UVRUVE#*
ALFVF#_
EPSHI_e
EPHILO

EXP -32.2,3_._,5.2
EPH1HI

EXP -9_.2,9H._,12°2

EPHILO:

EPH1HI:

;MAP ARGUMENT:LOOK UP ROUTINE
;INPUT VARIABLE
;OUTPUT VARIABLE
;LOW ANGLE MAP NAME
;LOWER LIMIT,UPPER LIMIT,DELTA-LOW ANGLE
;HIGH ANGLE MAP NAME
tLOWER LIMIT,UPPER LIMIT,DELTA-H%GH ANGLE

! LOW ANGLE MAP ALFHH1 -3_ TO 3_ DELTA=5
£XP 1.8, Z.4, t.l, 8.B, 8,55
EXF 8.5, =.4S, 8.4, 8.38, #.33
EXP 8.19, -_.12, -8.4

t HIGH ANGLE MAP ALFHHI -92 TO 92 DELTA-t2
EXP 8.#, B.25, 8.7, 1.2, 1.6
EXP 1.9, 1.8, 1.1, 8.55, 8,4S
EXP _,38o B.19, -8.4, -_.7, -#,75
EXP -_.85, -_,'45, -8,_5, 8.8

TABLE 3.5.5

HORIZONTAL TAIL LIFT COEFFICIENT DUE TO ANGLE OF ATTACK

; S=4B FT==2
CLHIMP::UVSUV$*e

ALFHHIee
CLHI#*

C_ILO
EXP 8._,32.2,5.2

CLH1HI
EXP 38.g,gB.8°I_._

,ASPECT RATIO-4,6 °2214 AIRFOIL
;MAP ARGUMENT:LOOK UP ROUTINE
;INPUT VARIABLE
;OUTPUT VARIABLE
_LOW ANGLE MAP NAME
_LOWER LIMIT,UPPER LIMIT,DELTA-LOW ANGLE
;HIGH ANGLE MAP NAME
;LOWER LIMIT,UPPER LIMIT,DELTA-HIGH ANGLE

CLH1LO=
; LOW ANGLE MAP ALFHHt # TO 3_,DELTA=S CL(ALF)--CL(-ALF)

EXP 8.8, _.356° 8.7%, 1,83, _.9S
EXP 8.795, 8.745

CLHIHI:
HIGH ANGLE MAP ALFHH1 3_ TO 9_,DELTA-I_ CL(ALF)--CL{-ALF)

EXP 8.745, 8.847, 8.847, _.74S, _.5BB
EXP _.294, _.2

5.3-Z1



I

SIKORSKY
AIRCRAFT +

+

ORIGINAL F.;-_'-....
OF poOR QUALI3"Y

00CUMENT NO.

BLACK HAWK

SER 70452

TABLE 3.5.6

EXP

EXP

CI)HILO" EXP
EXP

......... CDHIHI: EXP
EXP

HORIZONTAL TAiL DRAG COEFFICIENT DUE TO ANGLE OF ATTACK
CDHIMP_:UVEUVR*_ ..... ;MAP' ARGUMiE_T':LOOK UP ROUTINE

AFAHHI#e ;INPUT VARIABLE
CDHI## ;OUTPUT VARIABLE
CDH1LO ;LOW ANGLE MAP NAME
#,a,3_,a,5,_ ;LOWER LIMIT,UPPER LIMIT,DELTA
CDHIHI ;HIGH ANGLE MAP NAME
3_._,9B._,lB.# ;LOWER LIMIT,UPPER LIMIT,DELTA

; LOW ANGLE MAP ALFHHI _ TO 3_,DELTA-5 CD(ALF)-CD(-ALF)
• ._I, _._ZZ, _._4, _.19,- _.3E
_.37, _.43

; HIGH ANGLE MAP ALFHH1 3_ TO 9B,0ELTA'IW CD(ALF)'CD(-ALF)
_.43, _.S3I, B.7B2, #.88B, i._5
1.151, 1.2

TABLE 3.5.7

DYNAMIC PRESSURE LOSS AT THE VERTICAL TAIL

QV$MP:: UVR#O
PSABWF*O
QP3QWF#e
GP3LO

EXP B.#,3B.#,5.8,7

;MAP ARGIIMENT:LOOK UP ROUTINE
;INPUT VARIABLE
;OUTPUT VARIABLE
;LOW AHGLE MAP NAME
;LOWER LIMIT, UPPER LIMIT, DELTA, NO OF ENTRY$(PSABWF)

EXP
EXP

i LOW ANGLE MAP PSI(ABS.) 8 TO 3B DELTA-5

• .B2, _.B4, _.BB,
• .88, 1._

TABLE 3.5.8

FUSELAGE SIDEWASH AT THE VERTICAL TAIL

SGV1MP::UVSUVSWe
PSIWFee
SIGP38e
SGP3LO

EXP _.a,3_,a,5._
SGP3HI

EXP _._,9B.#,3#.#

;MAP ARGUMENT:LOOK.UP ROUTINE
;INPUT VARIABLE
;OUTPUT VARIABLE
;LOW ANGLE MAP NAME
;LOWER LIMIT, UPPER LIMIT, DEL_A-LOW ANGLE
;HIGH ANGLE MAP NAME
;LOWER LIMIT, UPPER LIMIT, DELTA-HIGH ANGLE

; LOW ANGLE MAP PSIWF _. TO 3B DELTA-5
EXP _._, -_.4, -_.6, _.8, 1.4
EXP _._, _.2

; H1GH ANGLE MAP P$IWF 8 TO 9_ DELTA-3_
EXP _._, _.2, _._, _,_

Zl IEV. G

,.oi
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TABLE 3.5.9

VERTICAL TAIL LIFT COEFFICIENT DUE TO SIDESLIP

; S=32.3 FT''Z
CLVIMP:=UVRUVR#e

BETVVlee
CLVI#*
CLVIL8

EXP -38.a,38.8,5.8
CLVIHI

EXP -98.8,98.8,18.8

,ASPECT RATIO =1.gZ ,8821 MOO AIRFOIL
;MAP ARGUMENT=LOOK UP ROUTINE
;INPUT VARIABLE
;OUTPUT VARIABLE
;LOW ANGLE MAP NAME
;LOWER LIMIT,UPPER LIMIT,DELTA-LOW ANGLE
;HIGH ANGLE MAP NAME
;LOWER LIMIT,UPPER LIMIT,DELTA-HIGH ANGLE

; LOW ANGLE MAP BETVV1 -38 TO 38,DELTA=5
CLV1LB:EXP -1.88, -1.88, -8.9_,' -8.73, -8. B

o

EXP -8.29, -8.86, 8.16, 8.38, 8.61
EXP 8.82, 8.89, 8.89

CLV1HI:EXP
EXP
EXP
_XP

; HIGH AN_LE MAP BETVVI -98 TO 98,DELTA=IS
-8.8, -B.12, -8.ZB, -g.48, -8.66
-8.88, -1.88, -8.93, -_.5, -m._6

8.38, _.82, 8.89, _.8, 8.53
8.48, 8.32, 8.17, 8.8

TABLE 3.5.10

VERTICAL TAIL DRAG COEFFICIENT DUE TO SIDESLIP

CCVIMP=:

EXP

EXP

CDVILO=

CDV1H_:

UVRUVR#e
BETVVIee
COVI#_
CDV1LU
-3_.8,38.8,5.8
CDVIHI

"98.8,98.8,18.8

;MAP ARGUMENT:LOOK UP ROUTINE
;INPUT VARIABLE
;OUTPUT VARIABLE
;LOW ANGLE MAP NAME
;LOWER LIMIT,UPPER LIMIT,DELTA-LOW ANGLE
;HIGH ANGLE MAP NAME
;LOWER LIMIT,UPPER LIMI_,OELTA-HIGH ANGLE

; LOW ANGLE MAP BETVVI -38 TO 38,DELTA-5
EXP 8.38, #.255, 8.174, 8.118, 8._BB
EXP g.833, 8.818, 8.821, 8.844, 8.892
EXP 8.152, 8.248, 8.355

HIGH ANGLE MAP BETVV_ -98 TO 98,DELTA-5
EXP 1.I, 1.BZ5, 8.965, 8.875, 8.745
EXP 8.575, 8.35, 8.174, 8.866, 8.8_
EXP 8.a44, 8.152, 8.355, 8.BB, 8.75
EXP 8.875, 8.955, 1.82, 1.88

5_3--23
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MAIN ROTOR INPLANE WASH AT THE H0_IZONTAL TAIL

MRP NRME: EXHiMP

MRP TTPE: BIY
INPUT VRRIRBLEI$): CHIPMR RRIFMR

aUTPUT VRRIRBLE: EKXHI

PRIMflRT .MRP:
O.OQ -,,.-- ,,,_m -8.00

100.00 _ ,,.w_ 8.00
10.00 _._, 8.00

I

FIGURE 3.5.I

®
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MAIN ROTOR DOWNWASH AT THE HORIZONTAL TAIL

MRP NRME:
MRP TTPE:
INPUT V_RIRBLE{5}:
OUTPUT VRRIRBLE:

PRIMRI_T MIRP:

CHIPMB

EZHIMP
BIY

RRIFMR
E_ZMI

0.00 ,.=m_.,r. -S.O0
100.00 _,_,..,,_ 6.00

10,00 -.-_ 6.00

I •

i
m

T

L

I

FIGURE 3.5.2

_.:_. _'- _4 " , _;_
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DYNAMIC PRESSURE LOSS AT THE HORIZONTAL TAIL

$ER 70452

MRP NAME: {HIMP

MRF TTPE: _VR
INPUT VRRI_BLEIS}: RLFWF

QUTPUT VRRIRBLE= GMIQWF

PflIMRflT MRP:
-30. GO .--- _I_

30. QO _
_. OO _,'_,

I

FIGURE 3.5.3
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FUSELAGE DOWNWASHAT THE HORIZONTAL TAIL

8LRC61"IRWK _ NR_R _.TUOT _3-SEP-:IO EPHIMP 112)

2

MRP NRME= EPHIMP
MRP TYPE= UVflUVR
LNPUT VRRIRBLE($1= RLFWF
OUTPUT VRRIRgLE= EP_Ht

PRIMART HAP:

SECONQRRT MRP=

-30.00 m,.=m
30. O0 m u,m

S.OO I.m

-80.00 =--.-um.
90.00 m_=.
tQ.O0 I.m

i .

i

I

I
.I

iI

-_.oe ==- .;m.Q= "._=.,_= "0._
RLFNF

I

........ _...... : .--.:

4

i ; I ,

_ !
L

i ....._......,.............. i

FIGURE 3.5.4(a)
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...... FUSELAGE DOWNW.ASH AT THE HORIZONTAL TAIL (Cont'd)

OLRCliHRWK - NRSR STUO'f 23-SEP-60 EPfllHP ;212)

SER 70452

b

' I

i I

I

i

I

ALFWF

FIGURE 3.5.4(b)
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HORIZONTAL TAIL LIFT COEFFICIENT DDE TO ANGLE OF ATTACK

9L_CKHQWK - NRSR 5TUO_ gg-SEP-_O CLfflHP tL/2]

MRP NRME: CLH1MP
HRP TYPE= UVSUVS
INPUT VRRIRBLE(5!= RLFHH[

OUTPUT VRRIRg.LE; CLHI

PRIMRRT MAP:

5ECONORR_ MRP:

-30.00 ,.,_ _.,_
30.00 _ ,..,,T,

5.00 =_.,,,

90.00 _ ,..,,'_
10.00 '_,.-,,

==._............'._ ..... . .......... ...................! ....... : ........ ; - . . ........ , .........

iI_ii_i_.:__.ioi,.-_-:_:'_.L:oi.....__-__.:i_ii__.'=,ioi_o:_i_o-_,i.,o_,_°.i:__LI___ :_:_:;,__i_,o.
_LFHH1

I

i

I

FIGURE 3.5.5(a>
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HORIZONTAL TAIL LIFT COEFFICIENT DUE TO ANGLE OF ATTACK (Cont'd)

BLAC_HA_K - NASA STUO_ _9-$EP-80 CLHIMP _212)

O
O

I
.=;
,d .,,

I

r ' ! _

+, , - _ t
i

- I

: i !

, , --_
J - i

,,--...._--,-.,,_,:

'= ..... ; .... :................ : ............... .:-+..::........... .................... ...............:....:

.......... . ....... ....... '........................................

3,00 -'_+.OO -';m.o_'" "-'_s:,:,o' -+.oo " _;,',o ' _'._0 _+.oo
i:ILt:HH I

+'+.:"m "._+.oo Fo.,.m . +

FIGURE 3.5.5(b)
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HORIZONTAL I'AIL DRAG COEFFICIENT DUE TO ANGLE OF ATTACK

BI,.RC_HRW_I - _'(R_R _TUnl ' 23-$EP-80 COHLMP {I/2)

HRP NRME;
MAP T_PE:
INPUT VRRIRBLE(S):
OUTPUT VRRIRBLE:

PRIMRR? MRP_

_ECONORRT MRP:

_FRHHI

COHIMP
UVRUVR

COHI

30,00 Rw--.
S.O0 mm

30.00 _._
90.00 _
10.00 --_

I I

: I

!

_¢o.oo
RFRHH 1

FIGURE 3.5.6(a)
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U

HORIZONTAL TAIL DRAG COEFFICIENT DUE TO ANGLE OF ATTACK (Cont'd)

BLACKMRWK - NASA _TUO¥ 23-SEP-60 CgMIMP (2/2)

I I

RFAMMI

FIGURE 3.5.6(b)
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DYNAMIC PRESSURE LOSS AT THE VERTICAL TAIL

MRP NRME: QV1MP
MRP TYPE: UVR
INPUT V_RIRBLE($): PSRBWF

_UTPUT VRRIRBLE: 0VIQWF

PRIMRR_ MRP:

30.30 _ u,,,n
5.00 ,==.T.

$ER 70452

°_
_4

i

Qi

o

=P

=_

,, _ J

J

...._=...........___.............. °.........

FIGURE 3.5.7
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FUSELAGE SIDEWASH AT THE VERTICAL TAIL

BLACIIHI:IWK - NRSR SI'UOT 2.=-SEP-BO 5GV IP.P ci/2}

MRP NRM_
MRP TTPE_
INPUT VRRIRBLEI_]=

_UTPUT V_tRIRBLE=

PRIMRRT MqP:

SECONORRT _RP=

PSIWF

_GV%MF
UVRUVR

SIGVI

-30.00 =.=,,=u,,_
30.00 _,=u=_

5.00

-gO. O0 =.=,=u,m
90.00 .win, urn,
30 • O0 =,=.-,

FIGURE 3.5.8(a)
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FUSELAGE SIDEWASH AT THE VERTICAL TAIL (Cont'd)

BLACKMAHK- NASA _iTIJO'r 25-SEP-QQ SGViMP

/

PSIWF

FIGURE 3.5.8(b)
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VERTICAL TAIL LIFT COEFFICIENT DUE TO SIDESLIP

ELRC}IHRWII - NRSR STUO't _S-SEP-eO CI-VI,MP {_/2]

.8

MRP NRME: CLVIMP
MRP T_PE: UVRUVR
INPUT VA_IRBLE(S)= BET'VV_
_UTPUT VRRIRBL_= CLVt

PRIMRRT MRP:

SECONOART MRP:

30.00 L_,_um_

"gO.O0 _um.
80.00 u_,mum_
10.00 _m

• oo _1o.on
BETVYI

FIGURE 3.5.9(a)

.... m ...........



OF POOR QUALITY
Document No. SER 70452

VERTICAL TAIL LIFT COEFFICIENT DUE TO SIDESLIP (Cont'd)

BLRCKMflWK - NRSR STUL'I't 23-$EP-eO CLVIMP (2/2)

J

i

I

FIGURE 3.5.9(b)
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i
I

VERTICAL TAIL DRAG COEFFICIENT DUE TO SIDESLIP

.._:,I-IFIWK - NASR STUOT _3-$EP-BO CD_ !MP {i/2)

MRP NRME:
_RP TYPE:
INPUT VRRIRBLEIS):
OUTPUT VRRIRBLE:

PRIMRRT MRP:

_ECONORRT MRP:

BETVVI

-3Q.QO

5.00

-98.00
8Q,OO
10.00

COVIMP
UVRUVR

COY,,

_ulrn

_lll 1.11rn

_Ii 111

I.IRlll

al.Tll

i

i i i

FIGURE 3.5.1O(a)
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VERTICAL TAIL DRAG COEFFICIENT DUE TO SIDESLIP (Cont'd)

8L_ICKMRWK - NR_P, STUQ3' 2_-$EP-_0 :O'_%MP 12/2]

I

FIGURE 3.5.10(b)
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Tail Rotor Module

Module Description

This module calculates the forces and moments at the center of

gravity which are generated by a canted tail rotor. This

rotor is represented basically by a simplified, closed form,
Bailey Solution as developed in Reference 4.6.1. All terms in

tip speed ratio ¢/_) greater than squared have been eliminated.
In orde_ to obtain the actual tail rotor collective pitch
value, (BTo) , the Bailey equatio,s have been modified to

account f6_ _ 3 (pitch-flap coupling). This reduces the blade
pitch which is impressed by the control system.

The airflow impinging on the tail rotor is developed from the
free stream, rotor wash and fuselage sidewash, together with
body angular rate effects. The total components of velocity
are resolved th?ough the cant angle into the tail rotor shaft
axes system.

The Bailey theory equation is normally presented as the
thrust coefficient in terms of the 't' coefficients. It

should be noted ti_atthe equations have been manipulated to
obtain an expre_sio_l for downwash. This was found to be

necessary to obtair,an unconditionally stable solution. It is
important that program flow follows the equation flow for a
stable tail rotor solution (Figure 4.l.l).

A blockage factor KTpn., is applied to the final thrust output
to account for the _mity of the vertical tail. This

correction is empirical and based on flight test data of other
helicopters.

This simplified tail rotor model only calculates thrust. No
account of H force is included in the final tail rotor force

outputs. The tail rotor thrust is finally resolved into force
and moments in body axes, at the center of gravity.

5.4-2
_Ar_E
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5.4.4 NOTATION FOR THE TAIL ROTOR MODULE

SYMBOL
USED IN

EQUATIONS

PROGRAM

MNEMONIC UNITS DESCRIPTION

FSTR

FSCGB

FTR

WLTR

WLCGB

WTR

BLTR

BLCGB

BTR

_PMR

alFMR

DWSHMR

-P-T

RT

EKXTR

EKYTR

EKZTR

VXMRTR

VyMRTR

VZMRTR

_WF

wF
QTRQWF

KQTR

SIGTR

FSTR

FSCGB

KTR

WLTR

WLCGB

KTR+I

BLTR

BLCGB

KTR+2

CHIPMR

AAIFMR

DWSHMR

OMGTMR

RMR

EKXTR

EKYTR

EKZTR

VXMRTR

VYMRTR

VZMRTR

ALFAWF

PSIWF

QTRQWF

KQTR

SIGTR

INS

INS

FT

INS

INS

FT

INS

INS

FT

DEG

DEG

ND

RADS/SEC

FT

ND

ND

ND

FTISEC

FTISEC

FTISEC

DEG

DEG

Q

DEG

Fuselage station for tail rotor

Fuselage station for CG

Tail rotor longitudinal arm

Waterline station for tail rotor

Waterline station for CG

Tail rotor vertical arm

Buttline station for tail rotor

Buttline station for the CG

Tail rotor lateral arm

Rotor Wake Skew Ang .

Longitudinal main rotor flapping

Uniform downwash at the main rotor

Trimmed rotor speed

Main rotor radius

Main rotor wash factors

Main rotor wash at the tail rotor

Fuselage angle of attack

Fuselage yaw attitude

Dynamic Pressure ratio at the

tail rotor

Fuselage sidewash at the tail rotor

i

SAL_ _'1. li

5.4-I0
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5.4.4 (Cont'd) NOTATION FOR THE TAIL ROTOR MODULE

SYMBOL
USED IN

EQUATIONS

Vxb

Vyb

Vzb

VyWFTR

VXITR

VyITR

VZITR

VXGTR

VyGTR

VZGTR

P

q

r

VXTRB

VyTRB

VZTRB

VXTR •

VyTR

VZTR

/ TR
,SZTR

RTR

,_XTR

/_YTR

I_4-ZTR

vAd-TR

PROGRAM

MNEMONIC UNITS DESCRIPTIO_

VXB FTISEC

VYB FTISEC

VZB FTISEC

VYWFTR FTISEC

VXITR FT/SEC

VYITR FT/SEC

VZITR FT/SEC

VXGTR FTISEC

VYGTR F'I'/SEC

VZGTR FTISEC

P RADS/SEC

q P_ADS/SEC

r RADS/SEC

VXTRB FTISEC

VYTRB FT/SEC

V}.TRB FTISEC

VXTR FT/SEC

VYTR FT/SEC

VZTR FTISEC

GAMTR DEG

OMEGTR RADS/SEC

RTR FT

MUXTR ND

MUYTR ND

MUZTR ND

MUTR ND

Body .xes velocities

Fuselage sidewash velocity

Total interference velocities at

the tail rotor

Body axes gust velocities

Body axes angular rates

Total velocities a¢ the tail rotor

in body axes.

Total velocities at the tail rotor

in shaft axes.

Tail rotor cant angle

Tail rotor trim speed

Tail rotor radius

Shaft axes velocities normalized by

rotor tip speed.

5.4-II

PAGE"



SIKORSKYAIRCRAFT

0_': _)Of_. QL,f_L!TY

DOCUMENT NO. SER 704_2

5.4.4 (Cont'd) NOTATION FOR THE TAIL ROTOR MODULE

SYMBOL

USED IN

EQUATIONS

PROGRAM
MNEMONIC UNITS DESCRIPTION

t3.1

t3.2

t3.3

B

G

ATR

bTR

BTLTR

ATR l/RADS

BTR

CTR CHRDTR- FT

@TTR THETTR DEG

TTR TTR LB

aO/TTR DELTTR -

,r,,_3 DEL3TR DEG

BlASTR BlASTR DEG

OTR - DEG

DWSHTR DWSHTR ..-

TWSTT R TWSTTR DEG/RTR

_kTR LAMBTR " -

_'_-MR OMGMR RADS/SEC

KBLKTR KBLKTR -

VBVTTR VBVI'rR

CDTR CDTR FT2

f RHO SLUGS/FT 3

XTR XTR LB

YTR YTR LB

ZTR ZTR LB

5.4-12
PAGE"

Bailey Coefficients

Blade tip loss factor

Constant

Blade section lift curve Slope (2D)

Actual number of bladws on the

tail rotor

Blade Chord for the Tail rotor

Tail rotor commanded blade pitch

Tail Rotor Thrust

Rate of change of coning with

thrust

Flapping hinge offset angle

Blade pitch correction to linear twist

Actual Blade pitch

Uniform downwash at the tail rotor disc

Linear blade twist

Tail 'reior inflow

Actual rotor speed

Tail rotor blockage from vertical tail

Airspeed breakpoint for blockage factor

Tail rotor drag

Air density

Tail rotor forces at the CG in

body axes

(
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5.4.4 (Cont'd)

SYMBOL

USED IN

EQUATIONS

NOTATION FOR THE TAIL ROTOR MODULE

PROGRAM

MNEMONIC UNITS

LTR LTR FT LB

_rR M_R FT LB

NTR NTR FT LB

VKT VKT KNOTS

DESCRIPTION

Tail rotor moments at the CG in

body axes

Flight Path airspeed

-._i#
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5.5 FLIGIIT CONTROL SYSTEM MODULE

CONTEFITS

5.5.1 Flight Control System Module Description

FIGURES

5.5.1.1 Overview of the Control System SimulatiOn
5.5.1.2 BLACK HAWK Helicopter Motion Sensors
5.5.1.3 (a) BLACK HAWK Pitch SAS Channels

5.5.1.3 (b) BLACK HAWK Roll SAS Channels
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FLIGHT CONTROL SYSTEM MODULE

Flight Control Simulation Module Description

The simulation of the flight control system is presented entirely in
terms of block diagrams indicating the transfer function between

signals. The Background information presented in Section 3.5 of
Volume II complements this description of the _ontrol system
simulation. An cverview of the control system simulation nomenclature,

for the various elements, is presented on Figure 5.1.1. The block

diagrams, subsequently presented, are aligned with the flow of this
figure. It will be noted_n studying this section, that the bandwidth

of some control system components is wide. This leads to time
constants of some of the transfer functions being small. For completeness
these components have been retained in the model, thus _aking it necessary

to provide a test for cycle time in the corresponding algorithms to ensure

unity gain if cycle time is large relative to the function's time
coRstant.

(a) Sensors - The transfer functions far the sensors are presented

in Figure 5.1.2.

(b) Stability Augmentation System (SAS) - The simulation definitions
for pitch, roll and yaw SAS channels are shown on Figures 5.1.3

(a), (b), and (c) respectively. Each figure incorporates the
representatior, of the digital and analog SAS channels. In

general, the helicopter motion sensed by the gyroscopes is

passed through signal conditioning filters before being shaped
by the SAS _etworRs. The signal is then processed through a
washout, if required, and the 2:1 gain change switch. The
switch definition is - ON/ON, both channels working at gain

1.0, 0N/OFF, digital channel only working at gain 2.0, OFF/ON,
analog channel only working at gain 2.0. Finally, the signal
is restricted in amplitude by a 5% authority limit. In the

case of the digital channel, the signal is passed through
zero order hold to account for update delays. A switch in the

yaw channel inhibits the lagged rate term at speeds above
60 knots and introduces lagged lateral acceleration for aid in
turn coordination.

(c)

The following logic applies for all cor_trol system channels:

In the IC Mode: I. Outputs of all synchronizers are zero.
2. Outputs of all integrators are zero Or

have defined initial values.

.In the Compute Mode: The logic is defined on the block diagrams.

Pitch Bias Actuator (PBA) - The PBA representation is presented
on Figure 5.1.4_ The input signals are derived as indicated.

It should be noted that the pitch rate signal is picked off
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(d)

(e)

downstream of the signal conditioning. The three input signals
are limited, passe(1 through a gain and summed to obtain the

signal output to the PBA actuator. The actuator travel is
restricted by a + 3%/see rate limit and a _ 15% authority
limit. Because t-hePBA algorithm is computed by the digital

computer, the simulation includes a zero order hold.

Flight Path Stabilization (FPS) - The simulation representation
ot_'the pitch, roll, and'yaw Flight Path Stabilization channels
are presented on Figures 5.1.5 (a), (b) and (c) respectively.

The synchronization elements in the model must track during
the simulation trimming phase and in the IC mode. During the

compute mode, they must track with the_ FPS off. The FFS shaping
networks are relatively straightforward, however, a degree of

complication is introduced by the automatic turn coordination
capability. On the helicopter the turn switch is enabled by
several channels of complex logic. For this simulation it is
recommended that the switch be enabled by one path only.

FPS ON, VXBIKT>60 kts, plus trim release

pressed, plus _b>2O

Exit is by feet on the pedals and trim release pressed. For
analysis purposes the turn switch can be enabled as required.

Since the FPS is computed in the digital computer, the final

output to the trim actuator is passed through a zero order
hold. The trim actuator has 100% authority within certain
control force constraints and is rate limited at 10%/sec.

Mechanical Control System - In addition to its function as a
mixing unit for control coupling, this area in the simulation

is used to bring together the various elements of the control
system computed upstream. The representations of the four

primary controls, main rotor collective blade pitch, lateral
cyclic blade pitch, longitudinal cyclic blade pitch and tail
rotor collective pitch are shown on Figures 5.1.6 (a), (_),

(c) and (d) respectively. The longitudinal cyclic pitch
channel will be used for purposes of discussion. The outputs

from the digital and analog SAS channels are summed and
processed through the SAS actuator dynamics, resultinQ in

actuator travel in inches (XBILS) This is summed with the
PBA (XBBAS), the FPS (XBOLS) and "the pilot control stick input

(XB+2). The trimming algorithm input (XB+I) is added in the

simulation at this point for cases where trim is accomplished

using the control sticks. The resultant linkage motion _s
converted into equivalent degrees of longitudinal cyclic before

being summed with coupled motion fro,_ other controls in the
mixing unit. The output from the mixing unit BISMIX is

modified by the primary servo dynamics giving the final
longitudinal cyclic impressed on the main rotor. Additional
inputs are added at this point for use in analysis. Travel

limits for tPe rotor head are given on page 5.5.20.

,II
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(f) Stabilator - The representation of the analog network

controlling the stabilator is presented on figure 5. 1.7,
The network provides for the feedback of velocity,

collective stick, lateral acceleration and pitch rate

scheduled as a function of forward speed. The output

from the network is passed through the dynamics of the
limited rate tail servo. For the simulation provision
is made for ar alternative input (STBSET) for use in

analysis.

i
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OVERVIEW OF THE CONTROL SYSTEM SIMULATION
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ENGINE/FUEL CONTROL MODULE

Module Description

This engine/fuel control model is basically a linearized represen-

tation with coefficients which vary as a function of engine operating
condition. This model adequately provides for closing the rotor shaft

speed loop throughout the normal operating envelope of the helicopter.
However, maneuvers which result in significant rotor speed excursion_
may result in discrepancies in the simulation. All the usual restric-

tions and assumptions of linear simulation are applicable and should

be observed. In an analysis mode deviations from trim are not large,
but for pilot-in-the-loop operation some means of continuously

synchronizing the steady state engine torque must be developed. This
engine module should not be used for engine performance evaluation.

The elements of the model are shown on the simplified block diagram
of Figure 6.1.1. They comprise the control interface with Gen. Hel.,

fuel control, gas turbine, power turbine, and rotor shaft speed
degree-of-freedom interface with the Gen. Hel. rotor. This model

which derives total S.H.P. at the rotor shaft by appropriately
factoring the output from one engine is applicable for evaluations

in the governed range. A transmission clutch is represented allowing
disconnect of the rotor drive at zero torque required by the rotor.
This allows autorotations and recoveries to be executed.

Initialization of the engine/fuel control module is accomplished by
using the steady state engine performance required to trim the
helicopter simulation in free flight.

A basic background to the complete T.700 engine/fuel control system

i_ given in references 6.6.1 _nd 6.6.2. A detailed block diagram of
the simulation is given in Figure 6.1.2.

The basic engine control system operation is through the interaction

of the Electrical (ECU, Figure 6.1.3), and Nydromechanical (HMU)
control units. In general, the HMU provides for gas generator speed
control and rapid response to power demand. The ECU trims the HMU

to satisfy the requirements of the load so as to maintain rotor speed.
The Load Demand Spindle (LDS) is a function of collective pitch

setting and provides compensation to reduce rotor transient droop.
Any steady state errors resulting from inconsistent collective
positioning are trimmed by the ECU. In the simulation, this is

tri_nmed by the difference between actual gas generator speed (from

steady performance data and that resulting from the collective setting).
Thesr characteristics are implemented in the simulation.

slliI ii[1. ;
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In general, isochronous governing of the rotor speed is maintained
by developing an error relative to the reference speed and

commanding more or less power to stabilize at the required speed.
Basically, this process involves the speed error demanding a

change in gas generator speed (NGG) via the shaping of the ECU
electrical network, Figure 6.1.3. This signal is summed with

the LDS input in the HMU, ana compared with the actual gas generator

speed. The subsequent error, commands changes in fuel flow
leading to a higher or lower gas turbine speed and changes in

the gas flow. This in turn provides increased or decreased power
at the driveshaft from the power turbine. In the simulation, torque

output from one engine (Qpt) is derived from three sources. From
direct changes 'in fuel flow, from changes in gas generator speed
and as a result of changes in power turbine speed. These increments
are summed to obtain a total change in engine torque from trim and

subsequently factored by the number of operating engines and
engine/rotor gearing ratio, to obtain engine torque output to
the rotor shaft.

The interface with the main program is presented on Figures 6.1.1

and 6.1.2. The rotor can be visualized in simple terms as a

damper responding to changes in rotor speed. However, the significant
effect of the rotor relates to the changes in torque loading
as a result of control inputs and changing states. Rotor shaft

accelerations result from torque differences in output from the

power turbine and torque required by the rotor. The simulation is
initialized at trim such that the rotor is at the input speed and

_Q=O. A clutch is modelled, Figure 6.1.4, which will disengage
the rotor from the engine at a zero rotor torque level. When Gen
Hel is being executed in combination with the engine, total engine

torque must replace rotor torque as a reaction in the airframe equations.

_ml Ire.6
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5.6.4 NOTATION FOR THE ENGINE/FUEL CONTROL MODULE

SYMBOL

USED IN

EQUATIONS

PROGRAM I"

MNEMONIC UNITS

QRQTRM Ib FT

QTRIM Ib FT

(_'REQ)TRIM

QTRIM

KQ KTRQ

QMR QHMR Ib FT

NGG GGRPM % RPM

(NGG)TRIM GGSS % RPM

NE NETOT -

NGGLDs NGGLDS % RPM

LDS CAM LDS DEG

XC XC/=C % COLL

(LDSE)TRIM LDSTRM % IRPM

(TOTFUL_,_ SUM2 LB/HR

(NpT)REF NPTREF RPM

DESCRIPTION

Total _orque required at trim,

Filtered torque required by the

main rotor.

Factor to account for tail rotor

torque plus losses

Actual rotor torque required.

Gas generator speed

Gas generator speed at trim.

Number Qf engines,

Load demand spindle output.

Load demand spindle rotation.

Collective stick position.

Synchronized LDS output at trim.

Total fuel flow.

Power turbine reference

speed, RPM. (Set by sync with
rotor speed at trim)

.

L

NpTIO0

LDSEI

NpTD

NpT

QTRIM

FLQREQ

NPTIOO RPM

NPTDP % RPM

NPT % RPM

QTRIM lbFl"

FLQREQ lb FT

s.6.2o
PAGe"

100% power turbine speed

LDS incremental input from trim.

Power turbine speed error,

Actual power turbine speed.

Filtered Rotor Torque

Filtered Rotor Torque used in
the clutch model.

V
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SYMBOL
USED IN

EQUATIONS

IDBI

VHG

VLG "

VG

QINT

B

Vs

VSS

VDM

VDMD

M

VTM

INS

ECU

GE

ECUTo T

Kl.... ll

tl....4

T2, T3

a, b,

A, B

G_.._7

4 NGG REF

PROGRAM

MNEMONIC UNITS DESCRIPTION

IDBI

VHG

VLG

VGVG

QINT

BBBBB

VSVS

VSS

VDM

VDMD

MAMA

VTM

INS

ECU

GER

ECUTOT

Kl....II

GGRPMR

% RPM

m

% RPM

SECS

SECS

o

RPM

Electronic Control Unit

Shaping Network Variables

Incremental ECU output

Power turbine to rotor gearing.

Total ECU output

ECU gain constants

ECU time constants

ECU time constants

ECU dead band definition

ECU logic variables

ECU gain constants

Demanded change in G.G.

reference speed.
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5.6,4 (Cont'd.)

NOTATION FOR THE ENGINE/FUEL CONTROL MODULE

SYMBOL
USED IN PROGPJ_M

EQUATIONS MNEMONIC UNITS DESCRIPTION

M 21 Itl(V. S

LDSEI % RPM

NGGE GGRPME % RPM

TNG G TNGG SEC.

/_ Wf FUEL "LB/HR

Wf' ACT WF LB/HR

P3 P.3D

Tp3 TP3 SEC.

WEf f INCWf LB/HR

TMV TMV SEC.

A QGG GGQD ,. LB/FT

NGG GGRPMD % RPM

KCF

JGG

QPT

_QE

PTQ

w

PTE

QHS_

OSHAF.

OSHAF_

OMSFO

NPTD

QE

, Iso

a NPT,

I

SLUGS FT2

LBFT

LBFT

LB

Rj_DS/SEC2

RADS/SEC

RAOS/SEC

5.6-22
i

PAGE"

Increment in LOS output

from trim.

G.G. speed error.

SPD servo time constant

Incremental fuel flow demanded

Actual metered increment

in fuel flow.

Change in compressor discharge

pressure.

Lag in fuel feedback loop.

Compensated demand in fuel flow

Fuel metering valve time constant

Gas generator accelerating torque

Incremental change in gas

generator speed.

Conversion factor.

Inertia of G.G. rotor.

P.T. incremental torque output

per engine.

P.T.-incremental torque output

(at rotor speed)

P.T. total torque output

Rotor shaft acceleration

Actual shaft speed.

Initial shaft speed.

Incremental P.l. Speed From Ref.
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NOTATION FOR THE ENGINE/FUEL CONTROL MODULE

SYMBOL

USED IN

EQUATIONS

MR

MR

RAT

JTOTE

JREST

KHS

PROGRAM

MNEMONIC UNITS DESCRIPTION

OMMRO RADS/SEC

OMRAT. RADS/SEC 2

OMGRR. RADS/SEC

m

JTOTE SLUGS FT2

JREST SLUGS FT2

KHS

Trim rotor speed.

Rotor hub acceleration

Rotor hub speed.

Rotor speed relative to trim.

Inertia upstream of clutch

Inerta downstream of clutch

less blades

Gas generator heat sink factor

5.6-23
PAGE'
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OUTPUT VRRIRBLE; SUM2

PRIMRRT _RP=

(NGG)ss%

70. rJO _ _Im_

5. O0 _+,

,

!,ii
_--! ............i-_' i

o

ID:

FIGURE 5,5.4



.;'%
OF POOR QUALITY

Document No.

BLACK HAWK - ENGINE DISCHARGE PRESSURE FOR STEADY CONDITIONS

SEA 70452

(P3)ss

MAP NAME= MRPB2
MAP TTPE= UVR
INPUT VRRIRBLEi$)= GGRPM
OUTPUT VARIABLE= KFUN_2

PfllMRRT MAP:
70.00 ,,_--=.um_

100.00 ==m=_um_

==

|

==

I

I

GGRPM

FIGURE 6.5.5



,.,.,...__,,m.,

SIKORSKYAIRCI_.eJ:T _
Vt_,L_*: '.."" I"m',_-_'o

OF POOR QUALITY

Document No. SER 70452

BLACK HAWK - ENGINE TIME VARYING COEFFICIENT

MRP NRME: MRPB_
MRP TTPE: UVR
INPUT VRRIRBLEiS): GGRPM
OUTPUT VRRIRBLE: KFUN*½

PRIMRRT MRP=

•,,v N_G%

............... t ......._ ................_

....... . ....... . ....... ,.. ..........

FIGURE 6.5.6

5.6-34



OF PO -r),_C,_,ALiTY

Document No.

BLACK HAWK - ENGINE TIME VARYING COEFFICIENT

SER 70452

,,,j

wNp NAME: MgP67
HAp TTPE: _VR
INPUT VRRTRBLEIS)= G_RPH
OUTPUT ¥RRIRBL_: KFUN_?

PRIMBflT MRP:

NGG%

I

GGRPM

FIGURE 6.5.7

k



ORI _ID.A.P.?.,"-_.,, Document No

'_F POOR QJ:.,...Frf

BLACK HAWK - ENGINE TIFIE VARYING COEFFICIENT

MRP NRME= MRP03
MRP T_PE= UVR
INPUT VRRIRBLEI$]= GGRPM
OUTPUT VRR[RBLE= KFUN*3

PRIMRRT MRP:
70. O0 =.==,u,,m

tO0..30 =,_ unto
5. O0 ,=..,,

SER 70452

awF

AP3

!

=.

3

: , , • . --

- f • I - I

, i

,=.=' _,.=
6_RPM

I
i

' i' i
_b._," m_m.== Wo.=m ,b(

FIGURE 6.5.8

5.6-36



.o

,,CJ

OF POOR QUALITY

BLACK HAWK - ENGINE TIME VARYING COEFFICIENT

Document No. SER 70452

_QGG

MRP NRME= MRPB5
MRP TTPE: UVR

INPUT VRRiRSLEIS}: OORPM
OUTPUT VRBIRBLE_ KFUN-5

P_IMRRT MRP:

?0. OO _ um.

aQGG _v NGG% " zOo.s.OQO° _==,,.,.,,

a -F

, i

..,, ,• i

!

• I

i

, i
: I _( '

.......... "!......_r_ " : _ : ; '_"......."T'_ ...... ; | ....

........... ;-- _" _ .... _-'"-_';'- ...... _ _ ..... q ' i "'

.............._.... _ : '- .-;-,- - .--4..................-...... _ ..... _--_-.

......... -......... _----_ .........'......................................................._-......--_--_N

I
f r- ": I

-- I

.... ;....... -.-.............._ .............?........................................................._..............

.' ........_---r........ ._............._-................_..........................................._ ...........

"_'.oo ' _b.oo'" ;m._o ,I,.oo "" ,,_.oo _b.oo ,_.oo ?_.o,, _,o".'oo ,io.m_ s-
GGFIPM

FIGURE 6.5.9

B.6,37



SIKOI_I_JRCWUkJI_r _,,_wL Document No.
-- ,,._ r :c'J

ORIGI_,_AL,P_, :, :.,

OF POOR QUI_.LI_

BLACK HAWK - ENGINE TIME VaDvT,,".,,r,..,,._COEFFICIENT

SER 70452

rl

I

_QGG

MRP NRME= MRPB6
MRP TIPE= UVR
INPUT VRRIRBLE(5}= GGRPM
OUTPUT VRRIRBLE= KFUN*6

FfllMRRT MRP:

GGRPM

FIGURE 6.5.10



ORIGINAL Pt_._,_ t_
OF POOR QUALITY

Document No.

.C,4_

BLACK HAWK - ENGINE TItlE VARYING COEFFICIENT

SER 70452

aQpT N NGG%

g

MRP NRME= MRPBB
MRP TTPE= UVR
INPUT VRRIRBLE(_}= OORPM
OUTPUT VRRI6BLE= _FUN*B

PRIMRRI MRP=
?0.00 tl _um'n

l OQ. 0 O _ _,,.'r,
S. CIO ==.,,,.

Ill

BQPT

_NF

i

FIGURE 6.5.11

5.6-39



• ._;. _',_

OF POOR QUA!JTY
Document No. SFR 70452

%

F

I*

b

P

_QPT

BLACK HAWK - ENGINE TIME VARYING COEFFICIENT

MRP NRME: MRP830
MRP T_PE: UVR
INPUT VRRIRBLEIS): GGRPM
OUTPUT VRRI_SLE; _FUN*IO

PRIMRRT MRP:

aQPT _ NGG%,

Q •

ci

70. O0 _ _..,,.
'.QO. OO ,_ L..t-

: " i

' i u ,,

• L j !

m

FIGURE 6.5.12



ORIG!Nh,L i" ;J:_;'_"-"
OF POOR QL_A_-ITY

Document No. SER 70452

BLACK HAWK - ENGIN_ TIME VARYING COEFFICIE_IT

L

5QpT

MRP NRME: MflPBB

MRP TTP_: . UVfl
INPUT VRRIABLEIS) : GGRPM

(_UTPUT YRMIRSLE: tiFUN,,@

PR I MRR'f MRP:
?0.O0 _ um_

T NGG% _ao.oo _ ,.,,,.,,

8

, _...

''i

FIGURE 6.5.13



Fr-----
SIKORSKY
AIRCRAFT __.o_ 0

OOCUMENT NO.

5.6.6 References

l , T700 Fuel and Control System, J. J. Curran,
AHS National Forum Paper, May 1973

General Electric, T700 Operations Manual

SER 70452

5.6-42
_mm

lPAGE

i



SIKORSKY
AIRCRAFT

OR!GI.r'.RL PAGE _'3
OF POOR QUALITY

OOCUMENT NO. SER-70452

5,7 LANDING INTERFACE MODULE

5.7.1_

CONTENTS

Module Description

FIGURES

5.7.1.I Landing Gear - Tire and Strut Representation

_.7.1.2 Landing Module Axes System

5.7.1.3 Landing Gear Geometry
5.7.1.4 Landing Interface Equation Flow

5.7.2 Landing Interface Module Equations

5.7.3 Landing Interface Input/Output Data Definition

5.7.4 Nomenclature

5.7.5 BLACK HAWK Landing Module Input Data

TABLES

5.7.5.1 Cube Root Solution for Inplane Stiffness
5.7.5.2 Main Tire Lateral Stiffness
5.7.5.3 Main Tire Ve_ical Load Deflection Data

5.7.5.4 Main Tire Vertical Stiffness
5.7.5.5 Tail Tire Vertical Load Deflection Data

5.7.5.6 Tail Tire Vertical Stiffness

Equations

FIGURES
b

5.7.5.1 Cube Root Solution for Inplane Stiffness Equations
5.7.5.2 Main Tire Lateral Stiffness

5.7.5.3 Main Tire Vertical Load Deflection Data
5.7.5.4 Main Tire Vertical Stiffness

5.7.5.5 Tail Tire Vertical Load Deflection Data

5.7.5.6 Tail Tire Vertical Stiffness

5.7-5

5.7-6
5.7-7

5.7-8

5.7-9

5.7-27

5.7-28

5.7-40

5.7-41"

5.7-42

5.7-43
5.7-44

5.7-46
5.7-47

5.7-48
5.7-49

5.7-51

5.7-52
5.7-53

5.7-54

M, II Ill i

5.7-I

PAGE

-_ _, ._._ _, ._.'_4 _,,



SIKORSKYJJRCRAFT OOCU,_,T,0. SER 70452

5.7

5.7.1

LANDING INTERFACE MODULE

Module Description

This generalized representation consists of a landing gear
force reaction model complete with all necessary space/body

geometry calculations to track a free helicopter landing onto

a level ground plane. The landing gear is represented by
separate non-linear tire and strut dynamic characteristics as
shown in Figure 7.1.1. Tire in-ground-plane loads are developed
as a non-linear function of the tire deflection and normal

load. These forces are adjusted depending on the friction
criteria which determines tire skid characteristics at the

deck surface. Finally, strut loads are summed with other
external forces and moments at the helicopter CG.

Axes Systems. Two axes systems are used in this landing
interface module as shown in Figure 7.1.2. All landing gear
forces and moments are formulated in axes parallel to the

primary body axes system passing through the CG. The space

axes system of which the ground plane is set at WLFD is used
to determine the landing gear proximity to the ground. Inplane
friction forces are checked in the space axes system.

Landing gear geometry. In the equations defining the geometry
of the landing gear, Figure 7.1.3; It is assumed that the
strut moves along the line parallel to the helicopter Z axis.

No account is taken of drag linkage constraints which cause
the axle to move in an arc in the X-Z plane. This geometry

together with the Gen Hel calculated position of the helicopter
C.G. position in space;is used to establish the location of
the tire, axle reference and gear reference points for each

gear in space axes. These coordinates are used later to
determine the proximity of tire contact and subsequent tire
and strut deflections.

Determination of tire contact, The determination of tire

contact, for an arbitrary orientation of the helicopter relies

on establishing the length of a normal line from the ground

plane to the axle reference position. When the distance along
the gear line becomes less than the tire radius, contact has

occurred. Subsequently, this difference is defined as radial
tire deflection. In practice tire contact can occur at any

point on the width of the tire. In the model the contact
point is assumed to be at the center of the tire tre_d, irrespective
of the distortion resulting from radial or axial loading.

-._. _ __._- -_ _'- _-- _--.m_ _s,__=---_ W-



SIKORSKY u.m=
RCRAFT ORIGINAL PA_5' IS

OF POOR QUALITY
00CUNENTNO. SER 70452

Determination of tire inplane deflections and loads. In order
to establish the degree of inplane deflection and corresponding
loading on the tire, it is necessary to track the intersection

of the landing gear line relative to the ground plane. Essentially
two equations of the gear line, (each projected into a two

dimensional plane) are solved for the intersection coordinates
with the ground plane. When contact for an individual tire is
established, the point of intersection is retained and on

subsequent iterations through the program, tire deflection is

determined by comparing the new and old gear line intersections.
The coordinates of the initial contact are retained until the

tire leaves the ground or is modified by the tire slipping.

The latter aspect is discussed later. Following the transformation
of the "oLeflections in to helicopter body axes, the three

componeBts of deflection at each'tire are usea to enter the
"tire characteristics data file," to obtain the three components
of tire force.

Determination of tire contact conditions. Following the
determination of tire forces from the helicopter/ground plane

relative motion, a test of the ability of the inplane friction
forces to resist the applied forces, without slipping, must be

established. The tire forces obtained in helicopter axes must
be transferred to the ground plane for the friction check.

Classical friction considerations provide for a coefficient of
static friction and a coefficient for sliding friction. In
the former case (when brakes are set), the maximum amount of

inplane load which can be resisted without slipping, is proportional

to the coefficient of friction and the normal loading. When
this level is exceeded, motion will result. Then the force

resisting the motion will depend on a reduced (sliding) coefficient
of friction and the normal force. In practice, there is a
smooth transistion between the two conditions. However, the

model assumes a discrete change. A further assumption is that
the test for frictional loads in the model assumes that X and

Y inplane components can be tested separately. In practice,
the resultant force determines slip conditions. This latter
assumption was made to simplify the model and facilitate the

introduction of brakes. When the brakes are activated, it is
assumed that the wheels are locked. For brakes off, a very
low coefficient of friction is introduced into the tire X

direction. The wheel degree of freedom is not currently
represented and therefore spin up (say on landing) inertia

loads are not calculated. If slip is not occurring, calculated
tire forces are passed unchanged. If slippage is occurring,
the inplane forces are set to the value for sliding friction.

5.7-3
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Reinitialization of the original tire contact point as a
result of slippage. Under conditions of no-slip the tire
In_'-planedeflection is developed from consecutive calculations

of t'le gear line intersection with the ground plane. During
slip conditions, the contact point for the tire moves and the

initialization of the gear-line intersection must be revised
to reflect the tire movement and establish a new value for the

contact point to be used on the next pass through the program.

Acceleration of the landing _ear strut. Under steady conditions,
the loads transferred to the airframe by the strut will be
equal to the tire reactions. Howeve,-, under transient conditions,

the acceleration of the unsprung mass can modify the loading.
Under light loading condition (where a significant portion of
helicopter weight isreacted by the rotor), the strut operates

in a preload range. Under these conditions, where tire reaction
load is less than the strut preload setting, tire loads are
transferred to the airframe with zero strut deflection. Once

the preload setting is exceeded, the strut (unsprung mass) is
accelerated depending on its own dynamic characteristics, the

tire applied loads and the unsprung mass. Note that logic
precludes the equation flow reverting back to the preload mode

until the natural transient provides a zero strut deflection
condition. The strut is assumed to have velocity squared

damping and an isothermal air spring. A software switch is
provided which allows bypassing the strut calculation. Finally,

the strut loads are transferred to the helicopter CG for
summation with other external forces.

r_
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OF POOR QUALITY
DOCUMENT NO, SER 70452

NOTATION FOR GEN. HEL. LANDING SIMULATION

SYMBOL
USED IN

EQUAT IONS

PROGRAM
MNEMONIC UNITS DES CRIPTION

XSH SH FT

YSH SH+I FT

"ZsH SH+2 FT

Helicopter center of gravity

position in space axes.

XSH0 SHO FT

YSHO SHO+I F'T

ZSH 0 SHO+2 F'F

Initial position of helicopter

in space axes.

VN VN FTISEC

VE VE FTISEC

VZ Vz ......................FTISEC

Helicopter space axes velocities.

FSCGB FSCGB INS.

WLCGB WLCGB INS.

FSNGA FSNGA- INS.

FSMGA FSMGA INS.

BLMGA BLMGA INS.

5.7-28
mm

PAGE"

Helicopter c.g. less rotor.

Fuse. stat. of nose g_ar strut.

Fuse. stat. of main gear strut.

Butt. star. of main gear strut
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OF PO0._ QUALI_f
OOCUM¢NTNO. SER 70452

NOTATION FOR GEN. HEL. LANDING SIMULATION

SYMBOL
USED iN

EQUATIONS

WLNGAO

WLMGAO

PROGP_AM

MNEMONIC UNITS DESCRIPTION

WLNGAO INS

WLRMGA INS

WL. position of free extension

of the axle.

XNGA

XMGA

YNGA

YRMGA

YLMGA

ZNGA

ZMGRA

ZMGLA

NGA FT

RMGA, LMGA= FT

NGA+I FT

RMGA+I FT

LMGA+I FT

NGA+2 FT

RMGA+2 FT

LMC_A+2 FT

RTN RTNF INS

RTM RTMF INS

AHBs]
Defined in the
Motion Module

Position of freely extended

axles in body axes.

Nominal nose tire radius.

Nominal main tire radius.

Helicopter body to space axes

transformation matrix.

XNTSO

YNTSO

ZNTSO

XRMTSO

YRMTSO

ZRMTSO

NTSO

NTSO+I

NTSO+2

RMTSO

RMTSO+I

RMTSO+2

FT

FT

FT

FT

FT

FT

Nose tire reference position

in space axes under free

extension.

Right tire reference position

in space axes under free

extension.

5.7-29
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NOTATION FOR GEN. HEL. LANDING SIMULATION

SYMBOL
USED IN

EQUATIONS

XLMTSO

YLMTSO

ZLMTSO

PROGRAM

MNEMONIC UNITS DESCRIPTION

LMTSO FT

LMTSO+I FT

LMTSO+2 FT

NG DLNG

RG DLRG F7

LG DLLG

XNAS NAS FT

YNAS NAS+I FT

ZNAS NAS+2 F7

XRAS RAS FT

YRAS RAS+I FT

ZRAS RAS+2 FT

XLAS

YLAS

ZLAS

XNGSR

YNGSR

ZNGSR

Left tire reference position

in space axes under free

extension.

, Nose strut deflection
Right

Left

Nose axle referen(, position

in space axes.

Righ: axle reference position

in space axes.

LAS FT

LAS+I FT

LAS+2 FT

Left axle reference position

in space axes.

NGSR FT

NGSR+I FT

NGSR+2 FT

Nose gear reference position

inspace axes



SIKORSKY
AIRCRAFT OOCU_ENTNO. SER 70452

NOTATION FOR GEN. HEL. LANDING SIMULATION

SYMBOL
USED IN

EQUATIONS

i

_(MGRSR

YMGRSR

ZMGRSR

PROGRAM

MNEMONIC UNITS DESCRIPTION

RMGSR FT

RMGSR+I FT

RMGSR+2 FT

Right gear reference _osition

in space axes

XMGLSR

YMGLSR

ZMGLSR

LMGSR F'r

LMGSR+I FT

LM_R+2 FT

WLFD WLFD F'r

dNNA DNNA FT

dNRA DNRA .. FT

dNLA DNLA F'r

Cos k/NG

Cos_ NG

Cos XNG

CSANG

CSBNG

CSGNG

TNG

TRG

TLG

DLTNG

DLTRG

DLTLG

(a)NG,.RG, LG

(b)NG, RG, LG

(C)NG, RG, LG

(d)NG, RG, LG

L

Fr

Fr

Fr

5.7-31

Left gear reference position

in space axes

Height of ground plane.

I Normal distance from the ground

I plane to axle reference point for
nose, right and left gear ....

Direction cosines of gear

line.

Nose tire radial deflection.

Right tire radial deflection.

Left tire radial deflection.

Coefficients of gear line

equation projections in 2D

for the nose, right and left

landing gear.
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NOTATION FOR GEN. HEL. LANDING SIMULATION

SYMBOL
USED IN

EQUATIONS

PROGRAM

MNEMON IC UNITS DESCRIPTI ON

(XID)NG 0 IDNG FT

(YID)NGO IDNG+I FT

(ZID)NG 0 IDNG+2 FT

()¢ID)RGO IDRG FT

(YID)RGO IDRG+I FT

(ZID)RG 0 IDRG+2 FT

(XID)LG 0 IDLG FT

(YID)LGO IDLG+I FT

(ZID)LG0 IDLG+2 FT

(XINT)NG

(YINT)NG

(ZINT)NG

(XINT)RG

(YINT)RG

(ZINT)RG

(XINT)LG

(YINT)LG

(ZINT)LG

(4 X)NG

(_Y)NG

( _Z)NG

(AX)RG

(_'Y)RG

(_Z)RG

Initial deck contact positions

before distortion of tires.

INTNG FT

INTNG+I FT

INTNG+2 FT

INTRMG FT

INTRMG+I FT

INTRMG+2 FT

INTLMG FT

INTLMG+I FT _

INTLMG+2 FT

Intersection of gear line with

deck plane in space axes for

the nose gear.

Intersection of gear line with

deck plane in space axez for

the right gear.

Intersection of gear line with

deck plane in space axes for

for left gear.

DELNG FT

DELNG+I FT

DELNG+2 FT

DELRNG FT

DELRNG+I FT

DELRNG+2 FT

Tire deflections in the deck

plane for the nose gear.

Tire deflections in the deck

plane for the right gear.

SA 2g REV. G

5.7-32
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NOTATION FOR GEN. HEL. LANDING SIMULATION

SYMBOL

USED IN

EQUATIONS

PROGRAM

MNEMONI C UNITS DESCRIPTI ON

(_X)LG

(AY)LG

(AZ)LG

(_X)HN G

(_Y)HNG

(AZ)HN G

(_X)HR G

( _Y)HRG

(_Z)HR G

(AX)HL G

(AY)HL G

(_Z)HL G

[AHSB]

DELLMG FT

DELLMG+I FT

DELLMG+2 FT

DELHNG FT

DELHNG+I FT

DELHNG+2 F'T

DELHRG FT

DELHRG+I FT

DELHRG+2 FT

DELHLG FT

DELHLG+I FT

DELHLG+2 FT

(= HBS]T)

Tire deflections in the deck

plane for the left gear.

Tire deflections in helicopter

body axes for nose gear.

Tire deflection_ in helicopter

body axes for right gear.

Tire deflection in helicopter

body axes for left gear.

Helicopter space to body axes

transformation matrix.

(KTX)N, R, L

(KTY)N, R, L

(KTZ)N, R, L

(X)FTHN

(Y)FTHN

(Z)FTHN

KTXN ,R,L

KTYN,R,L

KYZN, R,L

FTHN

FTHN+I

FTHN+2

IblFT

Ib/FT

IblFT

LB

LB

LB

Tire 3 component stiffness

coefficients - Note that these

can be replaced by loading maps.

Tire forces in helicopter

body axes for the nose gear.

5.7-33
m
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OOCU_E.N__0. SER 70452

NOTATION FOR GEN. HEL. LANDING SIMULATION

!

SYMBOL
USED IN

EQUATIONS

PROGRAM

MNEMONIC UNITS DESCRIPTION

(X)FTHR FTHR LB

(Y)FTHR F"T'HR+I LB

(Z)FTHR FTHR+2 LB

(X)FTHL FTHL LB

(Y)FTHL FTHL+I LB

(Z)FTHL FTHL+2 LB

dM

dN

PM

PRM

DMDM

DNDN

PMRPMR

RAT PRM

INCHES

INCHES

Ib/in 2

Ib/in 2

Tire forces in helicopter

body axes for the right gear.

Tire forces in helicopter

body axes for the left gear.

Main gear tire diameter

Nose gear tire diameter

Main gear tire pressure

Main gear rated tire pressure

29 _Y. S

NTN

NTM

PN

PRN

(X)FTDN

(Y)FTDN

(Z)FTDN

(X)FTDR

(Y)FTDR

(Z)FTDR

•(X)FTDL

(Y)FTDL

(Z)FTDL

NTN

NTM

PNPN

RAT PRN

FTDN

FTDN+I

FTDN+2

FTDR

FTDR+I

FTDR+2

FTDL

FTDL+I

FTDL+2

Ib/in 2

in/in2

LB

LB

LB

LB

LB

LB

LB

LB

LB

5,7-34

No, of tail gear wheels

No. of main gear wheels

Nose gear tire pressure

Nose gear rated tire pressure

Tire forces in the space axes but

aligned along helicopter X axis

for the nose gear,

Tire forces in the space axes but

aligned along helicopter X axis

for the right gear,

I Tire forces in the space axes but

I aligned along helicopter X axis
for the left gear.

o.
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AIRCRAFT OOCUMENT HO. SER70452

M 21 I[v, s

SYMBOL

USED IN

EQUATIONS

K/w_

BRK

NBRK

/z

X_DNM

X_D_

X_D_

KSLIP

YFTDNM

YFTDRM

YFTDLM

((Z_X)SLP)N

((A X).sLP)R

((A X)SLP) L

(A YSLP) N

(/_YSLP)R

(_YsLP)L

NOTATION FOR GEN. HEL. LANDING SIMULATION

PROGRAM

MNEMONIC UNITS DESCRIPTI ON

KMUXX

KMUXBK

KMUXO

KMU

:TDNM

FTDRM:

FTDLM

KSLIP

_DNM+I

FTDRM+I

FTDLM+I

DELSPN

DELSPR

DELSPL

DELSPN+I

DELSPR+I

DELSPL+I

LB

LB

LB

LB

LB

LB

t.'T

FT

FT

FT

FT

F'Y

Factor for brakes

Value of Kma brakes on.

Value of _.a brakes off.

Longitudinal tire coef. of friction.

Max. friction load that can

be sustained in the X direction°

Factor for sliding friction.

Max. friction load that can be

sustained in the Y direction.

Amount of tire deflection

sustained during slip conditions

in the X direction.

Amount of tire deflection

sustained during slip conditions

in the Y direction.

5.7-35
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NOTATION FOR GEN. HEL. LANDING SIMULATION

SYMBOL

USED IN

EQUATIONS

PROGRAM

MNEMONIC UNITS DESCRIPTION

(X)FTAN

(Y)FTAN

(Z)FTAN

(L)F-I_AN

(M)FTAN

(N)FTAN

(X)FTAR

(Y)FTAR

(Z)FTAR

(L)FTAR

(M)FTAR

(N)FTAR

(X)FTAL

(Y)FTAL

(Z)FTAL

(L)FTAL

(M)FTAL

(N)FTAL

(AX)sLPSN

(_ Y)SLPSN

(AZ)sLPSN

F'rAN LB

FTAN+I LB

F'rAN+2 LB

FTAN+3 ET

FTAN+4 FT

FTAN+5 FT

F'FAR LB

FTAR+I LB

FTAR+2 LB

FTAR+3 FT

FTAR+4 F-F

FTAR+5 FT

r-'TAL LB

FTAL+I LB

FTAL+2 LB

FTAL+3 FT

FTAL+4 FT

FTAL+5 FT

DELSSN FT

DELSSN+I FT

DELSSN+2 FT

Tire forces and moments at the

axle reference position,, nose

gear.

Tire forces and moments at the

axle reference position, right

gear.

Tire forces and moments at the

axle reference position, left

gear.

I Amount of slippage of gear
intersection point is space

axes, nose gear.

5.7-36
m
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SIKORSKYAIRCRAFT

NOTATION FOR GEN.

OOCU_CNT._0, SER 70452

HEL. LANDING SIMULATION

SYMBOL
USED IN PROGRAM

EQUATIONS M)IEMONIC

(_X)sLPS R OELSSR

(_Y)sLPSR DELSSR+I

(AZ)SLPS R DELSSR+2

(_X)sLPS L OELSSL

(AY)sLPS L DELSSL+I

(AZ)sLPSL DELSSL+2

UNITS

FT

FT

FT

FT

FT

FT

DESCRIPTION
!
#

Jo

(._,)NG DL..NG FT

(._.)RG DL.. RG FT

(,_)LG DL..LG FT

('_.)NG DL.NG FT

(_.)RG DL.RG FT

( _ )LG DL.LG FT

(_ )NG DLNG FT

( _ )RG DLRG FT

(_ )LG DLLG FT

Amount of slippage of gear

inter_ection point is space

axes, right gear.

FpREN FPREN

FpREM FPREM

Amount of slippage of gear

intersection point i_ space

axes, left gear.

Wheel

line

axle motion along strut

LB Nose gear strut preload.

LB Main gear strut preload.

FSTRN FSTRN LB

FSTRR FSTRR LB

FSTRL FSTRL LB

Strut force transferred to

airframe for the nose, right

and left gear.

MNG MASNG SLUGS

MMG MASMG SLUGS

Unsprung mass of nose gear.

Unsprung mass of main gear.

5.7-37
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OOCUMENT NO,

NOTATION FOR GEN. HEL. LANDING SIMULATION

SER 70452

SYMBOL.
USED ,'IJ

EQUAT IONS

CNG

CMG

PROGRAM

MNEMONIC UNITS _ DESCRIPTION

CNG

CMG

LB/(FT/SEC) 2 I Velocity squared damping for

LB/(FT/SEC) 2 I nose and main gear struts

..... RTRTT RTRTT FT/SEC

LFRTT LFRTT FT/SEC

CRGH CRGH LB/(FT/SEC) 2

CLGH CLGH LB/(FT/SEC) 2

CRGL CRGL LB/(FT/SEC) 2

CLGL CLGL LB/(FT/SEC) 2

KOLEOM KOLEOM LB-FT

KSP+7

KSP+IO FT

KOLEON KOLEON LB-FT

KSP+6 FT

(X)FGRN

(Y)FGRN

(Z)FGR N

(L)FGR N

(M)FGR N

(N)FGR N

FGRN LB

FGRN+I LB

FGRN+2 LB

FGRN+3 iT

FGRN+4 FT

FGRN+5 FT

FGRR LB

FGRR+I LB

FGRR+2 LB

FGRR+3 FT

FGRR+4 FI

FGRR+5 FT

(X)FGRR

(Y)FGRR

(Z)FGRR

(L)FGRR

(M)FGRR

(N)FGRR

Velocity break points on

strut damping

Corresponding damping cuef.

of velocity squared damping

for the main gear.

Isothermal air spring coef. main gear.

Free extension of main gear.

Isothermal air spring coef. nose gear

Free extension of nose gear.

Gear forces and moment at

the gear reference positions-

nose gear.

Gear forces and moment at

the gear reference positions-

right gear.



SIKORSKY,SJRCRAFT OOCUMENT NO. SER 7O452

NOTATION FOR GEN. HEL. LANDING SIMULATION

SYMBOL

USED IN

EQUATIONS

(X)FGRL

(Y)FGRL

(Z)FGRL

(L)FGRL

(M)FGRL

(N)FGRL

PROGRAM
MNEMONIC UNITS

FGRL LB

FGRL+I LB

FGRL+2 LB

FGRL+3 FT

FGRL+4 FT

FGRL+5 FT

XLG XLG LB

YLG YLG LB

T ZLG LB
_LG

LLG LLG FT

MLG MLG FT

NLG NLG FT

DESCRIPTION

Gear forces and moment at

the gear reference positions-

left gear.

Total gear loads at the

helicopter CG in body axes.

5.7-39
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5.8.1 Module Description

This module simulates the effect of ground proximity on a

helicopter by modifying the main rotor downwash equation.

The modification factor was derived from Black Hawk hover-

power flight test results (Re_erence 5.8.6-I).

The modification factor is reduced as flight speed is increased
at constant height by a wake angle correction

It'is likely that recent and on-going research on this subject
(Reference 5.8.6-2) will lead eventually to an empirical model

describing the local rotor inflow velocity due to the hyper-
bolically shaped ground vortex and its image that has been

shown Le exist at low speeds. Unfortunately, sufficient data
for correlation of such a model has not yet been published.
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The part is square brackets [ ] is the ground proximity effect

(usually switched to 1 when _>5 x R), the rest of the equation
is as quoted in the main rotor downwash section.
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NOTATION FOR THE GROUND EFFECT MODULE

DOCUMENT NO. SER 70452

SYMBOL

USED IN

EQUATIONS

PROGR/,M
MNEMONIC UNITS DESCRIPTION

CT

DWo

CTHAMR

DWSHMR

KCT KCTMR -

R RMR FT

S

TDW0 TDWOMR SEC

//_'Te'r

_X s

/ Ys

zs

WLMR

WLGND

VZ

LAMBMR

UTOTMR

MUXSMR

MUYSMR

MUZSMR

WLMR

WLGND

VZ

FT

m

IN

IN

FT/SEC

Main rotor thrust coefficent

Main rotor uniform self induced

velocity

Thrus_ gain-for uniform downwash

r_in rotor radius

Laplace operator

Time constant for uniform

downwash calculation

:;eight of rotor hub above ground

Main rotor inflow (=/_Zs-DWo)

Total main rotor inflow

(:[/_Xs2 :/_ys 2 + _.,2 ]I/2)

Velocity in X direction, shaft axes

Velocity in Y direction, shaft axes

Velocity in Z direction, shaft axes

Waterline Station of Rotor Hub

Waterline Station of the Ground

(Nominal)

Vertical Velocity

5.8-5
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5.8.5 .Input Data

................. 7T" .._

OOCUMEN_NO. SER 70452

NO separate input data is required. The parameters .]15 and

2/3 in equation 5.8.2-I, were empirically derived from data in
Reference 5.8.6-I which is pertinent to Black Hawk aircraft.

_, 29 A(y. G
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5.9 Gust Module

5.9.1 Description

This module produces local air velocities at all rotor-bl_de

segment positions and at the fuselage and empennage aerodynamic

centers, caused by various types of gusts. The input gusts may
be discrete or continuous.

The output velocities are calculated in the local axis_system

in which they are to. be used. Thus the fuselage and tail terms
are in body axes while those at the blade segments are in blade

flapped and lagged axes.

The discrete gusts are characterized by having a front line designating

the beginning of a disturbance, travelling through the atmosphere
at velocity V_u on a compass bearing 9_M (Figure 5.9.1.1). Behind
this front li_, the cha,ge in air velocity can assume a step or

rounded ramp or pulse shape, characterized by a magnitude VHGAM P
and rise-time Gu_T_ (Figure 5.9.1.2). Since the aircraft

is defined to b_ying initially at VvT_ on compass bearing _R O,
the gust front can sweep across the ai_d_aft (or be penetrated b_
the aircraft) from any direction and at any speed, by manipulating

the relative speeds and compass bearings.

The continuous gusts are represented by the Dryden Model. The

gust is assumed to be aligned with the aircraft heading such that
only longitudinal and vertical vectors are defined. This is a
necessary restriction, which avoids frequency shifts that would

invalidate the gust spectrum model. At aircraft trim speeds
greater than 50 ft/sec, a stationary gust field is traversed by
the aircraft; at trim speeds less than 50 ft/sec, the gust field

traverses the aircraft at 50 ft/sec. While the latter process

is not a very appealing artifice mathematically, it is necessary
in order to avoid unrealistic time lags in the gust definition

equations and flying the aircraft in a constant up or down-draught
at hover.

A penetration distance G (ft.) is defined which represents the

distance that the aircraft reference hub centrloid has penetrated
into the gust. Initially the gust front is assumed to be close
to the edge of the rotor disk in the upwind direction.
A rearward approaching gust is not possible without further

manipulation of the model. The propagation rate of the gust field

across the rotor is defined by VF_n which then allows the penetra-

tion of any blade-segment, to be _Iculated (GPRjk_see figure 5.9.1.3).

5.9-2
PAGE
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5.9.1 Description (Continued)

For the discrete gusts GPRi_ is ini_roduced expl: -_v into the
profile equaticns and the gu'st increment can b _.d
directly. However, for the continuous gust c_ " a table

of gust values, determined at fixed time (dista ! ,ntervals,
(TABINK) are available. These data are obtained by passing

independent, Gaussian, unit R.M'.S.noise signals, produced by
passing uniformly distributed white noise through the inverse

Gaussian distribution function (Reference 5.9.6-2), through the
Dryden filters. The assumption is made that perturbations in

speed and heading are small enough such that the time constants
in the gust functions can be considered constant, and that data
can be loaded into the tables at fixed displace._ent intervals.

These assumptions are consistent with the frequency/airspeed
contraints of the Dryden Model application.

The gust velocities generated by either discrete or continuous
functions, are in an axi.s set defined by the horizontal gust

front. Three transformation matrices are required to orient

into the blade axes and one for the body axes. These velocities
are added to the other local velocities at the various stations.

The vertical gust component contributes to the total inflow of
the main rotor. Because a basically uniform inflow is assumed

in the Gen Hel rotor simulation, thR change in inflow can be
sin_ulated by adding a representative velocity over the whole

disc. The division of the blade into segments in Gen Hel is
such as to give equal areas of swept annuli, making it possible

to take a simple mean as the representative velocity of the
additional inflow. Following the transformation of the z-direction

component from space to (through body ) shaft axes, the mean
incremental velocity (VGAVMR) can be added to the downwash

equation to compensate the total inflow.

The gust velocity at the fuselage is assumed to be the same
value experienced at the rotor hub. The empennage velocities are
based on the hub velocity with an approximate time delay to

account for the penetration oF the specific component.

This model of gust penetration may be criticized on the grounds

that the point fuselage airload used is not consistent with
the detailed penetration of the rotor blades. Fixed wing simulations

commonly overcome the distribution problem by introducing correlated
non-inertial rotational rates due to gust (Reference 5.9.6-I).

5.9-3
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5.9.1 Description (Continued)

It is felt that the separation of the tail used here, accounts for a

sufficiently large portion of the non-rotor component gust distri-
bution effects and that further terms (for which there are little

if any data) are unnecessary. In the same vein it is sufficiently
accurate (and convenient in the implementation) to assume the

aerodynamic center of the fuselage to be at the c.g.

Discrete lateral gusts may be handled by orientation of _w_

However, the continuous gust case is invalidated by using amy

value other than zero for _w' due to apparent frequency shifts
in the gust spectrum.

SA 29 AI_¥. G

5.9.-4
PAGE

. - .. _.._+, _- :. s" %+ ._:-4 _+o
-. -+_+_. +



SIKORSKY _.__AIRCRAFT

ORIGINAL PAGE r_

OF POOR QUALITY

DOCUMENT _0. SER 70452

VALID FOR DISCRETE
FUNCTIONS ONLY



el

SIKORSKY -__nAIRCRAFT o

r--

ORIGINAL P_'_E _:;

OF P'D"_ (,i_.'_'r,.

OOCUME,'r,o. SER 70452

V

/I •

/.
m
m

CTusT _ELECTrON

Vwwo
v

( _°-,.1

_.1),

T
VH4,RMP

V

_L__
_p

V G e
w

2X_NDZS
V

Figure 5.9.1.2

5.9,-6
PAGE"



SIKORSKY
AIRCRAFT __._., o

ORIGI,_AL PACI_ i._

OF POOR QUALITY
0OCUH[NT NO,

To_v

SER 70452

ML_I X_'It.6

5.9-7

PAG["

Figure 5.9.1,3



SIKORSKY __.o_,m _AIRCRAFT OF POOP 0 ',.)_,!-.i'T'_' QOCUMENT _0. SER-70452

®:
i1
I

A//,_C,,_'..e,_'r,,/_";,e.D//_C-

{,_sz#.,,)

A/,e'c.4.,e./::".f_oc/T f



SIKORSKY •

ORIGIr,_A" F r_:]_.'-: __'
OF POOR QUA_.ITY

OOCU.E,TNO. SER-70452

(_,_

L _'_ _ ..z",,v',_ J ,,_x.

lltw_d

I _- <:_ iv" _-_'C
|

. de ": * "



K

- ._11_..SIKORSKY _ ._-
AIRCRAFT _lllle_.ololu,

.,, ,,,,y
"_F P qC_:" _ ....""°

_---,,qIIUmm_-_

OOCUM_Nr"0. SER-70452

I
I

--J.,(_,';._-_7"-/,_'7"_7"/,_'_.._"7"/,.FatZ._=",,,-_

SA 29 _(V.

_ . _,_,_ .w". _- ".t. .,,-;,_* .-_:._ ,

i

,.8,



,,m=1

SIKORSKY #l/_ .rm
AIRCRAFT _,0'_?__ _

OOCUMENT NO. SER-70452

,.5"2-.,f.,'_ .,_.:,,...¢;-

' "_ "" 15OR,G.N_,,. PAGE ._
OF POOR QUALITY

J_Af E_

,.5,UAfE,_ ,_bJ.S

5.9-11
PAGE

._)'



SIKORSKY _"_.o,_,: 0AIRCRAFT
oR_C<i_'li::'t-'#AGC _,_
OF poOR Q,jAL_TY

OOCU_ENT.0, SER-70452

_,w'_ f/4P,A/

L

!.i

4_

I
29 _lv. ¢

////,,vf.=

/--_/



SIKORSKY __.o_mAIRCRAFT o

1

oOCUMENTNo. SER-70452 {:

OR;G/AiR" p;:,_-_..

OF POOR QUAL'Ty

I

• a

jJ._-_.----7_D_

o _ -._a_,

5.9-13

i IIA_II

29 _lV, .r.

__)



SIKORSKY _"_.,x_Js oAIRCRAFT OOCUM_NT NO.
SER-70452

k__J

i

!.i

OF pOOR QUALITY

°

ram,

o I

: I-F.I ,I'
.7"

Z"

0

m

_'rq-,v_' --

z,,,'/'e#_,_=

5.9-14



SaKORSK__"_u,AIRC_u- I __.m_,, ._

ORIGIN&L _r,.,,.- r,.-,

OF POOR QUAL,'Ty

_,,v',Pc_v'sw--726_/

DOCUMENT NO SER-70452

i

z'_,,",,,,4_-
2%/

Y×:y_s

" ".Z"

• /

0

o_

= [7//]. o

mm

a

5.9-15
_AGE



SIKORSKY _"_:_s ._AIRCRAFT OOCUM_NT,0. SER-70452

? ,'"u

I,.j{%I_ii .,'_ •

hF pOOR C_U/,L,YFf

f_'-,xDC,,_-,,_..S",_7 7"-,,_=".E_'F_-'-,,v',,v'_6

yf
7,¢

/-_#_,_,_-J_y-_s7-

/,P_- ;_,_

Y_ // I/

Yf

_A 2t elY. G

5.9-16

PAGE

®



SIKORSKY _"_.o_m 0AIRCRAFT

q. 3 _<.,_'r /vaa,a<.._

ORIGINAL PI:@£ _'8

OF POOR QUALITY

OOCUM_N'rNO. SER-70452

/

iN/<.,.,r "?'_.,eA,_f_"P_

K_m' &X/

/J.Z'_

/,,,,,,,;.

fxd

Ao_o,,l

I_ '_ _'r_

lJr? _d

f X_NF

Ye?.r

Y_ f r
/S'_-¢r
/z_-/r

w_rx

_"_' 7",',,V,,,_7'?em,N'

,,g,a-_X.4q-_-

i, 5.9-17 i

.J



"i

SIKORSKYAIRCRAFT 0 CRt_!NAL PA_E _"

OF POOR _,'AL;?Y

OOCUMENT "NO. SER-70452

SA 29 REV. ,_

5.9.4 Notation for Gust Module

SYMBOL
USED IN PROGRAM

EQUATIOn,S MNEMONIC UNITS

% PSIDOT RAD/SEC

_b PSlB DEG

%o PSIBO DEG

_RW PSIRW DEG

Cw PSIWD DEG

VKT VKT KNOTS

VHW VHW FT/SEC

VFLD VFLD FT/SEC

AD TABINK FT

TIME TIME SEC

AFT DELFT FT

FSMR FSMR INS

FSTR FSTR INS

RMR RMR FT

INPPNT INPPNT -

MAXPNT MAXPNT -

GO GO0 FT

GP TABRUN FT

ICUPD ICUPD FT

DESCRIPTION

Rage of Change of A/C Heading

A/C Heading

Initial Heading

Relative Wind Heading

Wind Heading

Airspeed

Wind Speed

Gust Propagation Rate

Gust Table Space

Integration Time Interval

Table Initial Dead Space

Fuse. Station for T.R. Hub

Fuse. Station for T.R. Hub

Radius of Main Rotor

Table Loading in I.C. Mode

Maximum Table Points

(: -RMR )

Table Run Distance

Start of Data in Table

PAGE
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Notation for Gust Module (Continued)

SER-70452

SYMBOL

USED IN

EQUATIONS

PROGRAM

MNEMON IC UNITS DESCRIPTION

TABLEH

TABLEV

G'

Y2

TABLEH

TABLEH

GGGPRM FT

KSGMR ND

KMRBKI ND

mMR PSIMR DEG

6 LGMR PADS

GPR' GPRSP FT

TABMAX

GMAX

VHWG

VVWG

VHGAMP
VVGAMP

GHDIS
GVDIS

OU

OV

Lu

TABMAX

GGGMAX FT

VHWG FT/SEC

VVWG FTISEC

VHGAMP FT/SEC)

VVGAMP E/SEC)

GHO!S FT )
GVDIS FT

Table of Horizontal Velocities

Table of Vertical Velocitie_

Hub Centroid Penetration
Distance

Normalized Offset

Distance from Hinge to

Segment Midpoint

Rotor Azimuth Position

Lagging Angle

Penetration of Any Blade

Segment

Max Number of Table Locations

Max Distance in the Tables

Horizontal Gust Velocity

Vertical Gust Velocity

Discrete Gust Profile Amp-
litude Functions

Discrete Gust Profile Dis-
tance Functions

Dryden Filter Inputs

5.9-19
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5.9.4 Flotation For Gust Module (Continued)

SYMBOL
USED IN

EQUATIONS

PROGRAM

MNEMONIC UNITS DESCRIPTION

L V

LAC

FSCGB

FSMR

GPAC'

eb

Cb

io

i¢

TI

T2

T3

VHWGR

GAUSSH

GAUSSV

LPRAC FT

FSCGB INS

FSMR INS

GPACP ....FT

THETAB DEG

PHIB DEG

DEG

DEG

TIMAXT

T2MAXT

T3MAXT

VHWGR FT/SEC

VVWGR VVWGR FT/SEC

UPGMRD

UTGMRD

UPGMR FT/SEC )
)

UTGMR FT/SEC )

Horizontal and Vertical
Gaussian Random Number

Rotor to CG Offset

Fuselage Station for C.G.

Euselage Stations for Main
Rotor

Gust Penetration of C.G.

Airframe PitcilAttitude

Airframe Roll Attitude

Long. Rotor Shaft Incidence

Lat. Rotor Shaft Incidence

Space-_Body Transf. Matrix

Body_Shaft Transf. Matrix

Shaft_Blade Transl. Matrix

Horizontal Gust Vel. from
Table

Vertical Gust Vel. from
Table

Three Component Gust Velocities

at the Blade Segment

_j

1

I

I
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5.9.4 Notation for Gust Module

SYMBOL
USED IN

EQUATIONS

PROGRAM

MNEMCNIC UNITS DESCRIPTION

URGMR URGMR FT/SEC

UPGMR - ND

UTGMR

URGMR

ND

ND

)Three Component Interfer-

)ence_ Components at the

)Rotor. Summed to Memory
)UPIMRI, UTIMRI, URMRI.
)
)

22 _Ev. G

UZS

DWo

VGAVMR

VZSGUS

_T

bMR

NSS

VHWGAC

VVWGAC

VXGWF

VYGWF

VZGWF

LAMBMR NO

MUZSMR .... NO

DWSHMR -ND

VGAVMR ND

OMGTMR

BMR

NSS

VHWGAC

VVWGAC

VXGWF

VYGWF

VZGWF

FT/SEC

RADS/SEC

FT/SEC

FTISEC

FT/SEC

FT/SEC

FT/SEC

s.9-__.221
PAGE

Total Normal Rotor Inflow

Velocity

Vertical Shaft Velocity,
Normalized

Uniform Component of Down-
Wash

Average Gust Velocity at th_
R(tor Disk

Vertical Shaft Component,

Av. Gust Velocity

Rotor Speed

Number of Rotor Blades

Number of Segments/Blade

) Horizontal and Veritcal Com-

) ponents of Gust Velocity at
) the Fuse C.G.

Components of Gust Velocity
in Body Axes at the C.G.
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5..n.4

SYMBOL

USED iN

EQUATIONS

Vxb

XG

YG

NOtation for Gust Module (Continued)

PROGRAM
MNEMONIC .U_ITS DESCRIPTION

HT

VT
TR

VXB

HT

VT
TR

FT/SEC

FT/SEC

Body Axes Longitudinal
Velocity

Components of Gust Velocity
at the Horizontal Tail,
Vertical Tail and Tail Rotor.
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5.9.5 Data

The only data of concern here are the continous gust power
spectrum parameters. All other data is defined elsewhere in

Gen Hel or is arbitrary (e.g. VHGAM P and GHDIS describing a
discrete gust).

The following values are taken from Reference 5.9.6-I:

Altitude Altitude

(h)_1750 ft (h)>1750 ft

Lu 1750 .. 145 hI/3

Lw 1750 h

_'u _ _-w

(For lateral gusts, ¢rv =or u and Lv = Lu. )

5.9-23
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5.9.6 References
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Airplanes", AFFDL-TR-69-72, C. R. Chalk, et. al.,
August 1969.

6 "Modeling Turbulence for Flight Simulation at NASA-Ames",
CSCR No. 4, Benton L. Parris, January, 1975.
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5.10

5.10.1

Helicopter Motion Module

Module Oescript_o_.nn

The force_ ano moments derived from the various simulated

components of the aircraft are summed to develop the total
external forces and moments at the airframe center of gravity

in body axes, Figure lO.l.l. Introduced at this point, for
convenience, are the gyroscopic moments resulting from rotating

components. These equations are set up to cover any number of
items of rotating mass aligned with the three body axes. The
total external forces and moments are introduced into the

general equations of motion from wh1_ch the 6 components of
acceleration are solved. It will be seen by comparing

with those on page ll6 of Reference lO.6.1, that certain
small terms have been eliminated. It should be noted that

these are theequations of the aircraft less rotor blades,
(which have their own degrees of freedom) and the appropriate
mass is used. In order to obtain stable solutions under all

operational c_nditions it is recommended that some velocity

prediction technique be used in the determination of the body

axes velocities_as presented. It should also be noted that
since the p and r equation are coupled, they should be solved

simultaneously as written. The Euler angular rate equations
are given, followed by the body to space velocity axes transfor-

mation. Large angles are assumed.

The three component equations of motion for any specified
point on the helicopter are presented in general form basically

for output. However, lateral acceleration isled back to the
control system. It is recommend that at least two entries to
these equations be provided to cover subsequent analyst require-

ments. The remaining equations in this section are provided

for analyst output.

v
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BODY AXES SYSTEM

Z&

Xb' Yb' Zb Body Axes System. Origin at the
Center of Gravity. X Axis Parallel
to Aircraft Center Line.

FIGURE 10.1.1
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5.10.4 NOTATION FOR THE HELICOPTER MOTION MODULE

SYMBOL
USED IN PROGRAM

EQUATIONS MNEMONIC

SUMXB

SUMYB 1

SUMZB

SUMLB

SUMMB

SUMNB

(")MR

(.... )TR

(....)WF

(....)T

("")LG

(....)ADD

UNITS DESCRIPTION

SUMXB

SUMYB

SUMZB

SUMLB

SUMMB

SUMNB

LB

LB

LB

FT LB

FT LB

FT LB

Total external force acting at

the fuselage c.g. along the X Y

and Z axes respectively

Total external moments acting about

the X, Y and Z axes respectively

Main rotor components

Tail rotor components

Fuselage components

Empennage components

Landing Gear components

Additional Arbitrary Inputs

HXGY

HyGy

HZGy

JXGY

JYGY

JZGY

WXGY

WyGy

WZGy

LGY

MGY

NGY

HXGY

HYGY

HZGY

JXGY

JYGY

JZGY

WXGY

WYGY

WZGY

LGY

MGY

NGY

SLUG FT2

SLUG _I"2

SLUG FT_

RADS/SEC

RADS/SEC

RADS/SEC

FT LB

FT LB

FT LB

Gyroscopic effects, angular

Momentum

Rotation inertia about the X, Y and

Z axes respectively.

Rotational speed of components.

Gyroscopic effects. Total

moments in body axes...

5.i0-14
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SYMBOL
USED IN PROGRAM

EQUATIONS MNEMONIC

Vxb'

Vyb'

Vzb'

W

I x

Iy

I z

iXZ

Wbd

FSCGB

WLCGB

BLCGB

VXb

Vyb

VZb

Vxb

Vyb

Vzb

UNITS DESCRIPTION

FT/SEC

FT/SEC

FT/SEC
Half pass predicted body axes
vel ocities.

WEIGHT

IX

IY

IZ

IXZ

LB Aircraft gross weight

SLUGS FT2 Inertia about body X-axis

SLUGS FT2 Inertia about body Y-axis

SLUGS FT2 Inertia about body Z-axis

SLUGS FT2 Cross coupling inertia

WTBOD

FSCGB

WLCGB

BLCGB

VXBDOT

VYBDOT

VZBDOT

PDOT

QDOT

RDOT

LB

INS

INS

INS

FT/SEC2

FT/SEC 2

FT/SEC2

RADS/SEC 2

RADS/SEC 2

RADS/SEC 2

Weight of the body

Fuselage station of the body c.g.

Waterline station of the body c.g.

Buttline station of the body c.g.

Accel. along X-axis

Accel. along Y-axis

Accel. along Z-axis

Angular accel, about X-axis

Angular accel, about Y-axis

Angular accel, about Z-axis

VXB

YXB

YZB

FT/SEC

FT/SEC

FT/SEC

Vel. along Y-axis

Vel. along Y-axis

Vel, along Z-axis
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SYMBOL
USED IN PROGRAM

EQUATIONS MNEMONIC UNITS

p P

q Q

r R

RADS/SEC

RADS/SEC

RADS/SEC

DESCRIPTION

Angular rate about X-axis

Angular rate about Y-axis

Angular rate about Z-axis

b

_b

THEDOT

PHIDOT

PSIDOT

DEG/SEC

DEG/SEC

DEG/SEC

Pitch rate

Roll rate

Heading rate

0b

_b

PD

qD

rD

THETAB

PHIB

PSIB

PDEG

QDEG

RDEG

DEG

DEG

DEG

DEG/SEC

DEG/SEC

DEG/SEC

Pitch

Roll

Yaw

Angular rate about X-axis

Angular rate about Y-axis

Angular rate about Z-axis

AHBS]

VN

VE

Vz

SNTHEB

CSTHEB

SNPHIB

CSPHIB

SNPSIB

CSPSIB
m

VN

VE

VZ

FT/SEC

FT/SEC

FTISEC

SIN(THETAB)

COS(THETAB)

SIN(PHIB)

COS(PHIB)

SIN(PSIB)

COS(PSIB)
Body to space axes transformation
matrix.

Velocity to the north

Velocity to the east

Velocity down

5.10-16
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5.10.4 NOTATION FOR THE HELICOPTER MOTION MODULE

SYMBOL

USED IN PROGRAM

EQUATIONS MNEMONIC UNITS DESCRIPTION

NORTH NORTH

EAST EAST

ALT ALT

FT Position north

FT Position east

FT Altitude

SER 70452

Vc VC FT/MIN

_'T GAMTRU DEG

NX NX G's

Ny NY G's

NZ NZ G's

VKT VKT

_F ALFRE

F .... BETFRE

qF QFRE

FSPS

WLPS

BLPS

Ips

hps

bps

A
xps

Azps

FSPSi

WLPS i

BLPS i

AXPSI

AYPSl

AZPSI

Climb velocity

True climb angle

Body Axes load factors

KNOTS Velocity in X-Z plane

DEG Free stream air flow variables

DEG

Ls/ 2 ....................

INS

INS

INS

FT

FT

FT

FTISEC2

FT/SEC2

FTISEC2

Fuselage station of point of interest

Waterline station of point of interest

Buttline station of point of interest

Longitudinal arm

Vertical arm

Lateral arm

Point #1 accel, along X-axis

Point #1 accel, along Y-axis

Point #1 accel, along Z-axis

5.10-17
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5.10.4 NOTATION FOR THE HELICOPTER MOTION MODULE

SYMBOL
USED IN PROGRAM

EQUATIONS MNEMONIC UNITS

V VXPSI FT/SEC
xps

Vyps VYPSI FT/SEC

Vzp s VZPS1 FT/SEC

tNGBL LNGBLI

LATBL LATBLI

DEG

DEG

DESCRIPTION

Point #I vel,

Point #I vel,

Point #1 vel.

along X-axis.

along Y-axis.

along Z-axis.

Longitudinal ball.

Lateral ball,

5.10-18
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5.10.6 References
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6.0 DEFINITION OF THE BLACK HAWK COCKPIT

6.1 Overall Cockpit Arrangement

The overall layout of the cockpit environment is shown on the

photograph, Figure l.l. This general view is supported by
identification of cockpit components on Figures 1.2a and 1.2b.

The cockpit geometric definition_relating to the pilot's seat,
controls and instrumentation, is presented on Figures 1.3_,

1.3b and 1.3c as 3-view general arrangement drawings. Diagrams

defining the upper and lower consoles are shown on Figures 1.4
and 1.5 respectively. The most significant items are the switching
functions on the upper console and the Stabilator/Auto Flight

Control Panel on the lower console. The flight instrument panel
arrangement is shown on'Figure 1.6.

6.2

6.3

6.4

Pilot's Primary Cont_Is

A diagram of the pilot's cyclic s¢ick grip is presented on Figure

2.1. The grip incorporates the following functions of significance:

Stick tri,_- provides for lateral and longitudinal stick
trim at I/2"/sec.

Trim release - while depressed the force system is deactivated

leaving a limp stick.

A diagram of the pilot's collective stick grip is presented on
Figure 2.2. A friction device on the pilot's lever can be turned

to adjust the amount of friction and prevent the collective stick
from creepitig.

Control Range Characteristics

The control motion, both in terms of control displacement in inches

of travel and angular sweep are presented on Figure 3.1. Also

provided are the corresponding angular outputs at the rotor head.

Control Force Feel Characteristics

The control forces, gradients and breakouts for the primary controls
are givee on Figure 4.1. The values presented were derived from
measurements at the 50% control position.

More detailed information concerning all aspects of the cockpit may

be obtained from References 6.5.1 through 6.5.4.
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I. Black Hawk Pilot Manual TM55-1520-237-I0

2. Black Hawk MOS 35K Avionics Mechanics Manual
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4. Black Hawk Simulation Fligh_ Training System Device 203B.
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BLACK HAWK ANGULAR CONTROL MOTIONS AND DISPLACEMENTS

*"/r_

•/r,A.W**

CONTROL-POSITION

COLLECTIVE

Low

High

A

LONGITUDINAL
CYCLIC

Forward *
Pinned**

Aft ***

LATERAL CYCLIC

Left **

Pinned **

R2ht

R(IN.)

24.0

i

I

I

20.75

i

m

I

24.80

a

15.0

0

I0.0

I0.0

5.0
3.89

5.0
lO.O

I

5.0

.96
5.0

I0.0

2.69
0

2.69
5.38

High Collective
Low Collective
Mid Collective
With Gvertravel

Considers Control Reduction

due to redundant quadrant

_:_(OEG)

m

22.5

46.55
24.05

13.95
10.84

13.95

27.9

II .63

2.24

II .63
23.26

I0.33

0
10.33

20.66

REFERENCE
o

Horizontal

Above
Above

Neutral

Cyclic

Forward
Aft
Aft

Vertical

Left
Left

Right "

Vertical

Left
On

Right

OUTPUT @IROTOR

(DEG) i
@CUFF

9.9
25.9

16.0

BIS

16.5
-II .0

-12.3
28.8

AIS

-8.0

-l .54
8.0

16.0

**'#r_*

gTRCUFF

29.9
15.0
0.1

29.8

FIGURE 6.3.1
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(+).,

il

BLACK HAWK CONTROL FORCES AND GRADIENTS

CONTROL

• i

Lateral Cyclic

LQngitudinal
Cyclic

Pedal

(+ Overtravel )

ColIective

DATA DERIVED FROM ATP 27000

STROKE

=

I0.0 in.

10,0 in,

4.92 in.

(5.38 in)

lO.O in.

MAXIMUM

TRIM OFF
FRICTION

.625 lb.

.625 Ib,

4.0 lb.

.625 Ib

NOMINAL

TRIM ON
BREAKOUT*

.95 lb.

1.35 lb,

7.2 lb.

NOMINAL
TRIM ON
GRADIENT

.54 Ib/in

,73 Ib/in

6.5 Ib/in

* Breakout (Trim On) = Detent + Friction (Trim Off)
All Values Measured From 50% Control Position

_TGURE 6.4.1

6.17
-mmmmmmm

PA_t*

I

NOMINAL
TRIM ON

FMAX

3.65 lb.

5.0 Ib,

23.2 lb.

(24.7 Ib


